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COMMENTS ON ACCEPTANCE OF THE 


PROCTOR MEDAL 


HaNs GOLDMANN, M.D. 


Bern 


It is an extraordinary honor for me that 
you found me worthy of the Proctor Medal. 
| feel singularly privileged to be the first 
continental European who has been thus rec 
ognized. When I examine myself—and such 
a high honor is due cause for self-examina 
tion—then | must confess that my contribu 
tion to ophthalmology is quite modest. I have 
worked in a very restricted segment of our 
science. | improved some instruments and 
helped to clarify some 
concepts and to ex 
tend their use to the 
clinic, concepts which 
were deve loped by 


Leber and Seidel in 
thorough animal ex 
periments. | did no 


more than that, for 
which Herodotus has 
coined the 

definition of the task 


of every scholar: 2A 


Aaurata ara 


to take and 


transmit the torch.” 


Therefore , It seems 


appropriate to include 


in the honor which | ceive today all the 


men who formed me, and all those who made 


my work possible: my teachers, my co-work 


and the which has 


With 


phy siok gy 


ers, country 


Prot 


become my 


home Pschermak I learned 


especially physiologic optics 


there are some of among you who were 


acquainted with him. He was a really re 


markable man, a spirited personality, full of 


new ideas, but often far, very far, from the 


realities against which the practitioner and 


the teacher have almost daily to struggle 


Switzerland 


Then I was fortunate to have as my second 
teacher the founder of the Swiss Ophthal- 
mological Society, Prof. Siegrist of Bern, 
a man with real dedication to clinical work 
and enthusiasm for the teaching of young 
medical students. He was a critical but hu- 
man and simple person, who hated noth 
more than pseudoscience and _profes- 


ing 
sional arrogance. Again, it was he who in 
troduced some of you to ophthalmology. It 
was a rare Oopportu- 
work 
men 
But it 


would be unjust not 


nity to under 


these two for 


some yea4rs 
to mention two other 


men who also were 
my teachers. Elschnig 
introduced me to oph 
thalmology and filled 
me with enthusiasm 
for this specialty. He 
was an unequaled 
intraocular 

On _ the 


other hand | servedan 


artist of 
operations 
apprenticeship with 
Prof. Blaskowicz, the 

great and extre nely modest master of extra 
ocular surgery. Today | remember these four 

men with a feeling of profound gratitude. 
But to be able to work quietly in a time of 
one of the greatest upheavals which Europe 
has seen in its long and agitated history was 
only possible for me because | had found a 
Here | 


found just the conditions I needed and the 


new home in Bern, in Switzerland. 


finest precision workers, who, as you know, 
helped me so much and so often with all 
their skill. 

| accept this Proctor Medal in deep grati- 
as an honor for all the 


tude, not for me, but 


people who the opportunity for 


gave me 
useful work. 


University of Bern 
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BIOGRAPHICAL NOTE: PROFESSOR HANS GOLDMANN 


The external circumstances of Professot lhe true story of Goldmann’s life 1s 
Goldmann’s life are quickly told. Born in flected not in its external circumstances 
Komotau (in what was then the Austro in the honors which have come to him but 
Hungarian Empire, now Czechoslovakia) on his work and his accomplishments 
November 21, 1899, he had his primary and ‘ginning of his career his keer 
secondary education im th wn of his birth mi ri d toward scientifi 


From there he went gue to study med 


icine at the Germany University and ob largely devoted to investigations ot 


tained his degree of doctor of medicine in logy of the cry 
1923. From 1919 through 1924, he was as Among 1 vestigations 
sistant to P1 [schermak in t Physio the etiology of th 
logic Institute, after which he | me assist ittracted particular attention 
in Berne, of the opinion that this 
Switzerland ich w under the direction ulted fror ’ 
Prof. August Siegrist. In 1927 he was _ frared radiation 
race rarz e clin ind in 1930 be lens. Goldmann 
retirement of caused by an « 
inn became to heat 
successo! pt sor of ophthalmology larlv of the 
director I iver i provoke 
He has remained in this position ever since 
His irn in was interrupted in thalmology 
1929 when he spent tu at the clini ind though Gold: 
Prof. Blaskovics in Buday ind at the the end, his f 
linics in Vienna and Freiburg m about his 
lecture tout Unnecessarily 
d in South pendence 


th Koenig and 


lat accul 


Societe 
and is an honorary member of the Ophthal ich on the 
mological Society of Sao iu , rf the genesis of the glassblowers 
Swedish Medical \ssociatior | 1946 he 
Was awaracd the V ogt Medal ( 


Ophthalmol il wa ] 

the Doyne lecturer ord Congress, experimental 

ind now he has | » awarded the Proctor bility : new tool 
Medal tributed stu which 
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— 
ee The first decade or so of his activity was 
the phys 
Staliine ens 
s studies on 
ers cataract 
ogt had beet 
cataract re 
effect ot 1 
| orbed in the 
that was 
e lens owl 
e ot opiniol 
roversies ot 
md tortl 
pre ied i 
usly WorTrte 
Switzerland 
ma riche 
ne last 
vear aiso m ted te irt pate the nt the cl or ¢ dence il i Dar ) ) 
Princeton, New 1 by the vhich it was shown determu 
losiah Macy. Ir. Foundatior na te leliver tions of the absorption curve of the excis 
ectures ‘rious its lens of rabbit. calf and man revealed no 
States cific absorption in the intrare Indes 
\ number of distinctions have come his enses absorbed less of this radiation thar 
Vay He has been honored by embership ld correspor ling thicknesses of vate! 
n the Belg in, Portuguese Braziliatr | nay appea ha in ino nate 
ent thy 
Va ira 
is. ST ul 
ey l Li 
ind the i 
th litlamy } 1 
ie S imp ‘ ( 
greatly en reed ul 
| 
es 
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he biology 


eased concen 

In young 
wing pre 
ur. Studies 

X-radiation 
parathyvroides 
significant re 


eXan ple, that 
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perior to anything available at that time and 


which remained | 


»v far the best slitlamp un 


til after the Second World War, when other 
models began to appear on the market, most 
of which incorporated in one form or an 
ther many of the basic features of the orig 
nal Goldmann-Haag-Streit slitlamp. An in 


genious photographi designed to 
photograph the anterio1 gment together 
the slitbean for instance 
neasurement of t pth of the anterior 


iber. has become 


piece of in 
ur protession 1s 


has alw been 


(;laucoma 

mi the 

in 

itus for color match 

by Hering, and 
existence 

which Goldmann 


contact lens which 


f 

He demonstrated a new form of reversi 

osmotic cataract due 

tration of the aqueous. « 

rats in the pupillar 

onged exposure oft t e ft 

iphth erie Catal ts 

ittaracts and on Catal I 

logs ind rats occur! when there commmercially available 

vere Th tetal isculal symptoms ind H S Ssiitlamp 1s not the « 
that the suppression of th ptoms pre strumentation for which « 

sere , seine f genet significance keenly interested in the development of new 
stand out LLent not neces nstruments the improve! ent ot old 
sa \ ite ( ones S he | Stated il 
f the noxious gent - | omp the Second Macy Confe 

ted tor t< 7 y hic for mstruments 

i 2 
tne Tor Ort su pst tions. And lavs when he had to put 

rating tw of which only pieces we 
different i1 refracting \mong the instrumen 

e ar 1 pris educing ne 
nu ‘ Ss oft nth betwee! eT scopt nating 
necc cor ré lowed one for the first time to pert 
\ | 
ive! t retier uit tori succe gonIOscopy \ll 
sia , ; ‘ t+ re thus a further developments in this field stem from 
] ; 

t cet ning sequences inns origina ens, | ean 
lence re rehine ent heer technique 
nt , he e the lue ot the narrow slit technique 

nature ‘ hse ms th, superiority f the 
ol the ns | . Noeppe type ns greatly enehted by 
) l TT! Ssiste I ‘ not the chamber 
\ natur 1 t s stud t croscopy into tl lificult area of the t 
tine 1 1 \ nvest eous and to the eveground This work cu 
gat nt I ni nated the ignificent olurn which 
ime ntereste the slitla (,oldmant together with the ite Dy 
( Ope! tio! Vil I ig-ostreit Schift Wi tne | ind that other 1 ister of 
} 
Cop istly su Ol CTOSCOP\ \ Busa Cd resented 
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1957 as a report to the French Ophthalmo- 
This the 


achievements of 


logical Society. volume is one of 


great the last two decades 


of ophthalmology. It is urgent that it should 
be made available in translation to all those 
who do not read French 

Neither did 


the objective 


His apparatus for the clinical 


Goldmann stop at methods 


for examination of the eve 


eXamination 


of dark adaptation is rapidly becoming 


standard in many clinics; his apparatus for 


the objective determination of visual acuity, 
utilizing the phenomenon of optokinetic nys 
still little But the 


instrument which has brought probably the 


tagmus, is too known 


greatest theoretical and practical advances 


in the held of subjective examination of pa 


tients is his perimeter. It has given a sound, 


new basis for quantitative perimetry 


Che latest contribution of Goldmann’s to 


the methods of clinical examination is his 


appianation tonometer. This beautifully con 


structed instrument excludes, or reduces to 


a minimal degree, the error introduced into 


tonometry by the factor of the rigidity of 


the ocular coats. It thus permits one to come 


measurement of the true intra 


as ciose toa 


pressure as 1 attain in 


< poss pie to 


ocular 


humans. The theory of the applanation to 
nometer has been developed by Goldmann in 
collaboration with Th nidt, with whom 
exact deter 


We 


even begun to reap the clinical fruits which 


he has also worked out more 


] 


mination of the rigidity fact have not 


are afforded us by the new devis« 
Che applanation tonometer is the capping 
work on the 


stone of one line of Goldmann’s 


glaucoma problem which has occupied him 


during the last two decades, beginning in 
1938 with his papers, conjointly with Ban 


gerter, in glaucoma 
Phe 


Asi her, 


contained indeed aqueous humor, made the 


on vonios¢ Opy 


discovery of the aqueous veins by 


and the evidence that these veins 


conclusion inevitable that aqueous is contin 
ually circulating from the eve through Sch 


lemm’s canal. This, together with the fact 


HERMANN M 


BURIAN 

that fluid flows from the eye in a laminar not 
a turbulent way, allowed Goldmann to de 
velop the mathematical theory of the main 
tenance of intraocular pressure. with the re 
sulting establishment of the fundamental law 
Chis law states, 


of the intraocular pressure 


according to Goldmann, that the outflow 


pressure of the aqueous is equal to its rate of 


flow per minute divided by the resistance t 


the outflow. Thus if ‘it were possible to ce 


outflow pressure 


termine in every case the 


that is, the gradient between intraocular 


pressure and pressure in the aqueous veins 


and the rate of flow per minute, it should be 


possible to determine in each case the n n 


anism of increase in intraocular pressure 


Goldmann has greatly contributed to n 


ing this possibility a reality by developing 


methods for the determination of the epi 


scleral venous pressure, the fluorometri 


measurement of the rate of flow of the aque 


ous and the measurement of the volume of th« 


anterior chamber. His conclusion that the s¢ 


of the increased resistance In open ing! 


coma is in the region between the 


chamber and Schlemm’s canal, thoug 


not gone unchallenged, has considera 


practical importance and has been supported 


by much further research 


most recent work 


In his 
glaucoma Goldmann has turned t 


pects of the problem He has shown 


Gafner that increase in intraocular pressut 


causes a decrease in sensitivity in the arcuate 


area of the visual field, that is 


where, in glaucomatous eyes, a 


he could 


| 


does no 


scotoma is formed. Since 


that glaucomatous cupping 
occur from the increased pressure 
has proposed the hypothesis that the 
to the optic nerve in glaucoma artses 
the fact that the vessels of the 
ticularly sensitive to an increase in intraocu 
lar pressure, because they are shunted by ex 
vessels. 


the 


traocular 


Even briefest survey of Goldm: 


contributions to ophthalmology 


it has 

other 

the ar 

‘ 


\ 


lems of 


studied 


| 


‘legant 
Stiles-Craw ford 


R. Hagen the 


PROFESSOR 


yverlook his work on various aspects of the 


hysiology of In his youth, he 


vision 


schermak’ 
scnermak 


vorked in s laboratory on prob 


s1on, ind 


the phy siology of 


oxygen 


color 
has 


with 


sion remained | first love 


Schubert 
leprivation on the visual field, gave a most 


the 


proof of the 
eftect 


easured with 


total powel of the 
Rushton’s 

investi 

irtificial production 

I als, on the spa 


gun barrel fel 


ummation 1 light adapted retina, 
he ingroscotoma, ill 
iajor contributions not only to physi 


which demon 


oT 


innervation ap 
is the extrinsk 


aoes not 


viance al 


he has not 
ts of oph 
frequently 
hts. Thus he 


etrolental 


ologist 
Imann’s con 
is truly 


11 


is We 


HANS 
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GOLDMANN 

as in all the sciences, men who have brilliant 
ideas. Then there are those men who bring 
new methods, and thus push backward the 
frontiers of knowledge. And lastly, there are 
those men who have brilliant ideas and the 
imagination and skill to devise new methods 
are the 


Gold 


and put the ideas to the test. These 


great men of science and medicine 


mann is one of them 
is little room in a life such as Gold 


What 


intellectual plane 


Chere 


mann’s for hobbies hobbies he has 


are on an He is an accom 


matician 


the 


plished and even creative mathe 


He is a the old 


word. Stars, animals, plants, all interest and 


naturalist im sense of 


fascinate him, and his knowledge about them 


is encyclopedic. In the delightful grounds of 


his vacation retreat, overlooking the Lago 


all its splendor, he grows a 


4 
\Vlaggiore in 


most unusual of conifers which he 


group 


lovingly collected from all over the 


But his curiosity extends to man, his 
past and his present, and to human activity 


in all its manifestations his uriosity 1s, no 


ist erudition and 


source of his 


ipprec 


doubt, the 


of his sensitive ation of the visual art 
forms 

not a 

He \ 

He is extremely exacting of 


hin 


diss us 


ilues his 


uutspoken in a 


ind muddy 


He 


thinking 


re idily nonsens 


But his friends know the essential 


oT 


The dreadful 


ar a 


yf the 1Sez we have to with 


some ¢ 


iffects hin deeply scientific work 1s 


to the 
And 


ordet 


goal 


on 
of helping to eradi so he 1s 
not only a scientis 


and 


the 


but outstanding 


1] mi 
ii a physician 


surgeon 


spec ialty 
above a Goldmann 


physician motivates Goldmann the scientist 


It 1 the 
Medal 


necessarily to both that Proctor 


} 


s being 


aw irded 


Hermann M. Burian 


method 
ga n 
ind 
ology but also to exact perimetry. Last, btt [7777777 EEE 
studies on accommodation 
] } +} } 
strate that the law of equa nas 
ocular muscles 

g 
exhaust Goldmann’s activities: A | 
his publi ions she that 

pu \ i 

neglected the purely 

g 

1g 11 g 
hbroplasia with excessive xygen adminis his collaborators and even more so of 
nificant ince in the nical feld is lhkely 
Goldmann’s suggestion, elab« 
rated by Witmer, that ther ocal antibody warmth of his nature. HE ness = 
formation in the eye and that this local ant semen 

ig 

s of the etiology f uveitis. Very promis 
ng results e me on the 
pean content with this t | of investiga 
tion and it is to be hoped that it may hel | 
us in this field. whicl ne of the most = 

tributions te screntitiy phtl 
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und Tuberkulinhyperthermie. Wiener klin. Wschr., 31: Nr. 47 


1. Bewegungshyperthermi 
1918 ( with Ed. Hoke. ) 

2. Messende Untersuchungen uber den Geltungsgrad 
Pfliiger’s Arch. f. d. ges. Physiol., 194:490, 1922 
biger Lichter auf das Auge ’s Arch. f. d 


spektraler Farbengleichungen 


3. Veber Dauerwirkungen fat 


210:70, 1925 


+. Ueber eine unbekannte, reversible Kataraktform bei jungen Ratten. Klin 


Monatsbl. f 


\ugenh., 81:771, 1928 (with B. Rabinowitz ) 
> xperimentell letaniekatarakt. Arch. f. yphth 1929 


6. Eine toxische Katarakt, welche in tiefen Linsenschichten beginnt. Klin. Wschr 


1928 


7. Ueber Entstehung von Diskontinuitatsflachen in der Linse 


1929 


8. Experimentelle Supranuklearkatarakt und K 


83:433, 1929 


9. Eine neue gewerbliche Retrobulbarneuritis 


Klin. Monatsbl. f. Augenh., 84:761 


10. Kritische und experi Untersuchungen tber den sogenannten Ultraots 


1 den Feuerstar. Arch. f. Ophth., 125:313, 1930 


Kaninchen un 
11. Zum sogenannten Ultrarotstar. Arch. f. Ophth., 125:652, 1930 (w 
Arbeit “Kritische und exp 


12. Erwiderung auf Schlapfers Polemik gegen meine At 


| r. Ultrarotstar usw.”” Arch. f phth., 126:652, 1931 


Untersuchungen tber den sog 
13. Ein Fall von subepithelial Hornhauthamator 
216, 1932 
14 eber 
5. Ein neues Messokulat 
Exper 
648 1932 
Zu eimet 
1933 


18. Bemerkunget 


Wsch., 63:570, 1933 
19. Zu den Bemet » Dr ipf ibe Ima 
von Vogt betreffend Schweiz. Med. Wschr 


ung ) ‘neuartiger” Kataraktfori 


20. Einige Bemerku i 
l'undamentalversuch in « des Ultrarot. Klin. Monatsbl 


21. Das Gesichtsfek re Hohen Acta Aerop 


Schubert ) 
neue Spaltlampe. Klin. Monatsbl. f 


Line 


23. | ntersuchungen uber das Gesichtsfeld bet 


mungsluft. Arch. f. Augenh., 107:216, 1933 ( with G. Schubert 


24. Ein leuchtender Fixierpunkt fur das Javalsche Ophthal 


Augenh., 93:524, 1934 


I 


5 in neuer Objekti Spaltlampe 


1934 


— 
7: 2592 
Arch. Ophth., 122:198 
tar 
en. Klin. Monatsbl. f. Augenh., 89 
leu sch ()phth 49 16 1932 
Deutsch )phtl (jes.. 49-435 1932 
les Feuerstars. Arch. f. Ophth., 128 
stars. Alu Monatsbl. f \ugenl 90 
zu zwei Vortragen Vogts betreffend den Feuerstar. Schw Med 
ns Antwort auf die 2 Vortrag 
63:1258, 1933 (with A. Sieg 
\lbinos und zu Vog 
f. Augenh., 91:240, 1933 
ysiologica, 1:78, 1933 (with G 
\ugenh., 91:494, 1933 
herabgesetztet Sauerstottdru ler At 
Klin. Monatsbl. 1 
Monatsbl. Augenh., 93:522 
auborators ve not beet 


PROFESSOR HANS GOLDMANN 209 


Bemerkungen zu dem Aufsatz B. Semadenis: “Ueber fraktionierte lrisbestrahlung 


Kaninchenauge, usw Monatsbl. f. Augenh., 93:671, 1924 
27. La génése de la cataract rriers. Ann. ocul., 153:13, 


28. Ascorbinsaure und Blutkammerwasserschranke. Klin. Wschr., 14:239, 


Uebet bergang Vitamin C in den Liquor und das Augenkammerwass« 


W schr 32 935 (with W. Buschk« 


Blutkammery ! ranke und Vitamin ( Arch Augenh., 109:205, 314, 1935 
vith W. Buschke 


rbeit Blutkammerwasserschranke und Vitamin 
Buschke ) 


Med. Wschr., 66:1127, 1936 


exakten Netzhautlokalisation. Klin. Monatsbl. f 


elzveranderungen der Nagezahne un Kat 
Ratten. Klin. Wschr., 16:205, 1937 (with W. Herzog) 
hweiz. Ztschr. { ik u. Mechanik., Nr. 1-4, 1937 
fen d 110:405, 1937 
Schweiz. Med 


1938 


Ophthalmologica, 


f. Ophth 


u. Mecl 
1940 


1943 


20. 
1935 (with Buschke 
2 
hh 
31. Berichtigung und N trag zu der A 
33. Ein einfaches entchen zur 
\ugenh., 97:251, 193¢ 
+. Die Beziehung 
irakt bei varathvre 
6. Studien ube n 
7. Zur exakten | 
Wschr., 68:497, 1938 
38. Kampf vegel g Schweiz. Ztschr (Jptt u Mechanik.. Nr 
96 1938 
10. Experimentelle Unt ungen tiber die Genese des Réntgenstars. Arch. (I 
138:722, 1938 (with A 1 
Dechy pent kroskopi Ophthalmologica 96-90) 1938 
2. A proved slit iratus. Brit. J]. Physiol. Optics, 13:77, 1939 
12 Demonctratinne: migung bernischer \ugenar Ophthalmologica, 97 329 
14 Spaltlampenp tos phot etric Ophtl ol g OR 257 194¢ 
45. Untersuchungsmethoden (Berichtsjahr, 1938 
lie Kurzsichtig Ztschr. f. Optil nil 1940 
17. Auge und Ho nkheiten. Praxis, N¢ 
8. Zur | sation larer winziger Fret Oph ogica, 101:215 
194] vith A. Bangert 
9. Met \ bestimmung V orderkat er des lebenden Menschet 
ogica, 102:7, 194 
er emer Sehnerve ner | ty eningen be Recklinghauset 
scher Krankheit. Opht t, 102:79, 1941 (with E. Grunthal 
31. Stiles-Crawford-Effekt. Ophthalmologica, 103:225, 1942 
92. Zur direkten Messung der Totalbrechkraft des lebendet menschlichen Auges. Opl 
thalmologica, 104:15, 1942 (with R. Hager 
93. Objektive Sehs tel st ung. Ophthalmologi 105:240, 1943 
>4. Auge und Zahnsyst hweiz. Monatsschr. f. Zahnheilk., 53:947, 194 
55. Die Erzeugung Rohrengesichtsfeldern bei Normalen. Monatsschr. f, Psych. u 
Neurol., 108:233 
56. Ein neues t registrierendet \daptometer. Ophthal; ologica. 107:55 
1944 
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57. Hohlenplastik. Ophthalmologica, 107:60, 1944 

58. Demonstrationen. Ophthalmologica, 107:75, 1944 (with A. Bangerter). 

59. Das konkomitierende Schielen der Kinder. Schweiz. M. Wschr., 74:1163, 1944 

60. Raumliche Reizsummation der helladaptierten Netzhaut. Experientia, 1:1, 1945 

61. Grundlagen exakter Perimetrie. Ophthalmologica, 109:58, 1945 

62. Die diabetischen Augenveranderungen. Praxis, 1945. Nr. 50 

63. Ein selbstregistrierendes Projektionskugelperimeter. Ophthalmologica, 109:71, 1945 

64. Bemerkungen tiber das Phanomen des Bewegungsflimmerns und die Definition des 
Welligkeitsgrades. Bulletin SEV. 1946. Nr. 2 (with H. Konig and F. Mader) 

65. Demonstration unseres neuen Projektionskugelperimeters samt theoretischen und 
klinischen Bemerkungen tber Perimetrie. Ophthalmologica, 111:187, 1946 

66. Abfluss des Kammerwassers beim Menschen. Ophthalmologica, 111:146, 1946 

67. Studien tber Akkommodation. Ophthalmologica, 111:182, 1945 (with A 
mann ) 

68. Weitere Mitteilung uber den Abfluss des Kammerwassers beim Menschen 
thalmologica, 112: 344, 1946 

69. Some subjective aspects of accommodation. Modern Trends in Ophthalmology 
terworth, London, 1948, p. 79 

70. Studien tber den Abflussdruck des Kammerwassers beim Menschen. Ophthal 
mologica, 114:81, 1947 

Beitrag zur Angioskotometrie. Ophthalmologica, 114:147, 1947 
Ueber Abflussdruck und Glasstabphanomen. Ophthalmologica, 116:195, 1948 


Wert der objektiven Sehscharfenbestimmung. Schweiz. Med. Wschr., 78:937, 1948 
74. Prof. Dr. August Siegrist. Ophthalmologica, 116:371, 1948 


5. Das Glaukom. Lehrbuch der Augenheilkunde. Basel, Karger, 1948 
Krankheiten der Linse. Lehrbuch der Augenheilkunde. Basel, Karger, 1948 
Krankheiten des Glaskorpers. Lehrbuch der Augenheilkunde. Basel, Karger, 1948 
Krankheiten der Tranenorgane. Lehrbuch der Augenheilkunde. Basel, Karger, 1948 
\. Bangerter ) 
7 Discussion of report of r. Kalt. Bull. et Mém. Soc. Franc. d’ophtal.. 62:51 
1049 
80. Slitlamp examination of the vitreous and the fundus. Brit. J. Ophth., 33:242, 1949 
81. Einige Ergebnisse der Spaltlampenuntersuchungen des Kammerwinkels und des 
\ugenhintergrundes. Ophthalmologica, 117:253, 1949 
82. Enthalten die Kammerwasservenen Kammerwasser? Ophthalmologica, 117:240 
1949 
83. Der Uebertritt von Fluorescein aus dem Blut ins Kammerwasser des norn 
Menschen xperientia 5§:295, 194! 
De Kammerwasservenen und das Poiseuillesche. Gesetz. ( yphthaln ologi 
196. 1949 
85. An analysis of primary glaucoma. Tr. Ophth. Soc. U. Kingdom, 69:455, 1950 
Un nouvel adaptometre automatique. Bull. et Mém. Soc. Frang. ophtal., 63:4, 1950 


Ueber Fluorescein in der menschlichen Vorderkammet Ophthalmologica, 119:65, 


Der Druck im mschen Kanal bei Normalen und bei Glaucoma sim 


perientia, 6:110, 1950 


89. Zur Frage der Widerstandserhéhung beim einfachen Glaukon Op 
thalmologica, 119:267, 1 


10 

1950 

x 
— 


PROFESSOR HANS GOLDMANN 211 


9%). Neue Gesichtspunkte in det Behandlung des Glaukoms. Bull. Schweiz. Ak. d. Med 
Wissensch., 6:423, 1950 
91. Bemerkungen tiber objektive Sehscharfenbestimmung. Klin. Monatsbl. f \ugenh., 
70. 1950 
Das Minutenvol der menschlichen Vorderkammer bei Normalen und bei Fallen 
narem Glaukom. Ophthalmologica, 120-150. 1950 
Kiniges tiber die Physiologie det Blendung und das Sehen bei he rabgesetzter Beleuch 
Bull. Schweiz. Elektrotechn. Verein. 1950 Nr. 20 


outflow from the anterior chamber. Acta XVI Con Ophth 
\ugenlinse fur Infrarot Ophthalmologica, 120:198. 1950 


Lichttechnische Vortrage an der ETH 1950-195] 
der Cyclodialyse Ophthalmologica, 121:94. 195] 


dans le glaucoms primitif. Ann. ocul.. 184-1986 


tension oculaire 
nvolumen und Widerstand det Kammerwasserstromung des 
Menschen. Documenta Ophth., 1951, v. 5-7, p. 278 


100 rT irkungswei ler Iridektomie beim chronisch kongestiven Glaukon Oph 


nfluorometet { phthaln ologi i, 123 27/7 52 
1946-1951). Advances in Ophthalmology. 1-177 1952 


of Dr. Dubois-Poulsen. Bull. et Mém. Sox Franc. ophtal., 
lentalen Fibroplasic Schweiz Med Wochenscht 82 381. 


laucon problen Schicksal ] min A bfluss 
\bflusswege. Ophthalmologica 
in der Medizin. Verhandlg. urforschen 


branose Conjunctivitis. Schweiz. M. Wehnschy 73, 1954 


neuro-ophthalmologie. Confinia Neurologica, 14:102. 1954 
les Glaskorpers. Ophthalmologica, 127:334. 1954 
rwasser., ( yphthaln ologica, 127:323, 1954 (with R. Witmer) 
gensalben. Schweiz. Apotheker-Zeitung, 92:629, 1954 
iber Biomikroskopie des \uges Bern, Haag streit, 1954 
icroscopie e Oeil. Bern, Haag-Streit, 1954 


Biot icroscopy of tl ; Bern, Haag 


sen dvnamometric Docun enta ¢ iphth 


a applanation. I n. de i c. Frang. ophtal., 67:474 
tinopathia diabetica. Praxis, 44:21, 195: 
116. Zur Priifung und Standardisierung von Schiotztonometern Klin. Monatsbl 
\ugenh., 127:12, 1955 (with Th. Schmidt). 


117. Wie weit kann man Schwachsichtigkeit verbessern ? Information, No. 60. Novem 


1955 


94. The “othe y of 

Britanr a 1950, | HOSS 

Die Durchliss ‘ 

vith H. Konig and F. Mader 

Uf ind | 

101. Ein neues Spalt 

102. Glaukor Re tej 

103. Discussion of t eport 
65:38. 1952 

104. Zur Actiologie der ret: 
1952 (with W. Toble1 

10>. Klinise] Studie 1 

s nach Schaffine : 

106. Die Idee der Bev fiihr 
len Gesellcct 1952 

ps 

th \\ 

nermetr 

Zur Bi krosl 

Lit) \ntikorpert Ka 

11] \ugentropfet \1 

112. A. Zwei Vorlesunger 

Deux 1! 

ber, 


HERMANN M. BURIAN 


»12 

118. Experimentelle Untersuchungen uber den Zusammhang von \ugendrucksteigerung 
und Gesichtsfeldschadigung. Ophthalmologica, 130: 357, 
agnetic foreign bodies. Modern Trends in Ophthal 


1955 (with F. Gafnet 


119. The extraction 


ondon, Butterworth 5 series 
der hinteren Glaskorperabhebung. Ophthalmologica, 132:87, 1956 


120. Zur Genese 
M. Fay 
12] bet phthalmolog 


122. “Netzhautarteriendruckmessung.” Round 


v. 10, p 
123 und 
itreo v del fondo 


logta Barraquer, 1956 
(Gslaukon 1956 


The Glaucor Josiah Macy 
on Glaucon 
27. Applanation 
ence on Glaucoma 


128 Problet 


Fg 1, 131:335, 1956 (with Th. Schmidt 
( 

Jr. Foundation New York, Second Confer 

| 

MEME ne der heutigen Glaukomforschung. Modern Problems in Ophthalmology 
Basel, Karger, 1957 9 

129. Der Rigiditatskoefhzient riedenwald). Ophthal - 133:530, 1957 
Th. Schmidt 

130 Biomicroscopt lu Corps Vitre et du Fond Rapports presentes 
Societé Francaise d’Ophthalm« e. Paris. Masson, 1957 vith A. ind S. Schitt 
Wertheimet 

131. Présentation du Rapport sur la Biomicroscopie du | s Vitre et For re 
Bull. et Mé Soc. Franc. ophtal., 70:265, 1957 

132 Ueher \ planationstonometri« Ophthal: olog 134:221 1957 vitl 

133. Ueber den Wert de ‘ ikroskopischen Untersu I les Augenhintergrur 
bei Chorioiditis. Ophthalmologica, 135:627, 1958 

134. Ueber die Emetinbehandlung des Zoster Ophtha is. Phat i om 
etiae, 33:734, 1958 (with M. Favr 

135. Die Behandlur obet hlicher Augenerkrankungen. Praxis, 47:21 1958 

136. Discussion of the paper by Ourgaud and Etienne. Bull. et M > Fran¢g. Opht 
71:32, 1958 


IBLEMS OF SIMPLE GLAUCOMA 


SOMI 


Proctor Mepat LEctTuRI 


One sees that these two opinions are very 
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How must the conscientious doctor man 
age this disease even if both opinions of 
which I speak are equally plausible, but the 
decision between the two has not yet been 
reached? | think that it 1s absolutely clear 
how he must behave. He must act as if the 
first opinion were correct, that is, in simple 
glaucoma he must keep the tension normal 
the clock this 


the 


around Only in way 1s it 


guaranteed that doctor adheres to the 


chief basic law of the medical art—primum 


non nocere—firstly, do no damage 
I would not have insisted on bringing up 
this question had I not seen many people 


who became blind because of a prolonged 


half-hearted treatment fostered by this sec 
ond opinion. It is, as you see, a moral ques 
tion, the question of how we medical men 
have to act in order to keep our conscience 
pure, which must be answered before we 
venture on the problems of pathophy siology 
of simple glaucoma 


We 


and 


have considered the ethical problem 
Now a 
hen 


the nervous system is implicated in the ex 


given an unequivocal answer 


philosphical problem imposes itself 


planation of a pathologic entity it is very 


easy, by means of general reflections and 


introduction of analogies, to give apparently 


satisfactory explanations. Therefore I wish 


to insist neurovasc ular mechanisms can so 


glibly explain every phenomenon that they 
should be only used for explanation if either 


a detailed nervous mechanism has _ been 


found for a special phenomenon, or if no 


possibility for explanation remains other 


than the supposition of such nervous mech 


anism 


Ixpressing this in another way, I say 


that the man who advocates the neurovascu 


lar causation of simple glaucoma has the 


obligation to prove this allegation. The deus 
ex machina of the vegetative nervous system 
should only be allowed to appear when every 
other explanation has proved futile, and not 
a prior! 

Now we are at the where we 


point can 


HANS GOLDMANN 


begin to speak of basic problems of the pa 
thophysiology of simple glaucoma. 

We know with certainty that the aqueous 
has bulk outflow from the anterior chamber 
Schlemm’s 


There Is 


through canal and the aqueous 


veins. a simple expression which 
describes the interrelationship between this 
AP 
pressure 
the 


flow and intraocular pressure’ 
AP is the 
determined level 


rate of flow of the 


In this formula 


between a and intra 


ocular pressure. I is the 
and R is factor, 


aqueous, a proportionality 


the resistance. If, at a certain time and in a 


particular eye, F is known, then R depends 
on the zero point chosen for the outflow sys 
If AP is taken equal to P 


where P 


tem minus P 


is the episcleral venous pressure, 
then R represents the resistance between the 


anterior chamber and the point in 


scleral venous system with the pressure 


If there are the same rate of flow 


aqueous and the same episcleral venous 


pressure but a higher intraocular pressure, 


then an increased outflow resistance is 
plied. From the formula it also follows that 
intraocular pressure depends upon episcleral 
venous pressure. This relationship has been 


repeatedly demonstrated.” It does not follow 


from the formula that in a given eye [is 


constant, which cannot change 
the 


from the 


necessarily a 


when, for instance, resistance changes 


Nor does it follow formula that 


increase of intraocular pressure 


the globe does not change 
Nor does it 


constant 


compression of 


the rate of flow follow that the 


several factors are during the 


period of measurement. Moreover, if we 


rate of 
AP 


(the difference between intraocular pressure 


determine by experiment F (the 


flow and calculate the resistance 


and the selected zero point of the outflow 


determines the value of this re 


That is, if 


system ) 
sistance a method is used which 
directly determines resistance, then the as 
sociated zero point of the system must be 
found before the rate of flow can be calcu 


lated from our formula 


| 
— 
| 
| 
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| have explained to you in brief all of 
the principal difficulties implied in the de 


termination of the parameters of the basic 


formula for the outflow. Two methods for 


the study of the pressure-flow-resistance 


system of the eye have been utilized. In one* 


you determine the rate of flow and the pres 


sure head in the undisturbed eye and calcu 


late the resistance; in the other® you de 


termine the resistance by compression of the 


eye, measure the pressure head and calculate 


the flow. The first method takes a long time 


more than an hour—for the determination 


the rate of flow. It presupposes, as you 


all of the values during 
ethod 


npression of the eye 


a constancy of 
Che 


presupposes that the cor 


this time second tonography, 


changes neither the 1 if tlow, nor the 


resistance, nor the ro of the pres 


sure head, not the equilibrium 
P ind therefore mort 


the first 


pressure, 


interesting for than 


method. However, 1f ire to use tonogra 


phy, we must attem » diminish or remove 


of the sources as possible 


as many 
Tonography, accord procedure 
Grant,’ utilizes the tonometer, 


the P, and \ 


l‘riedenwald’s law of leral 


nwald and 


value Ss 


rigidity. [rie 


denwald has the immortal merit of having 


clarified the theoretical bas tonometry,’ 


and largely through his effort we have to 


day standardized Schigtz lometers and a 


nomogram which yields P, values which are 


reasonable what we be 


agreen 


to be fact. Howe think you have 


all been disturbed in 1 I times because 


different authors’ have sented reports 


which demonstrate law of scleral 


rigidity and even the V values may 
not be exact 


While 


usefulness of the 


these findings do not lessen the 


Schigtz tonometer for 


measurement of intraocular pressure, they 


raise questions regarding the exact inter 


pretation of tonography which depends upon 


these very values. For instance, we devel 
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oped a method to examine whether, during 

the tonographic increase of pressure, secre 
We 


decreased under the supposition that the P, 


tion remained constant.® found that it 
and V values and Friedenwald’s law which 
we employed were correct. There was al 
ways a doubt about these basic features of 
the method. Only a radical change of the 
method can free us from this dependency 
upon questioned tables and formulas. We 
need a method in which the errors can be 
better estimated. Therefore, we are trying 
to develop a tonography based on applana 
tion.” 


By employing different areas of applana 


tion it 1s posible to ascertain a segment of 
the P-\ 


gion between 10 and 35 mm. Hg the curve 


curve of the living eve. In the re 
seems to be very well represented by Frie 
denwald’s rigidity law. The values obtained 
are in good accordance with the known 
values if one takes the volume displaced by 
the tonometer as the total volume displaced 
And there a new difficulty comes in, be 
cause the volume displaced by the tonometer 
is not the total volume displaced. Even this 
phrase is not correct. In tonographic experi 
ments you try to compare deformation of 
the globe by the tonometer characterized by 
with real e 


a volume ‘imination of liquid out 


of the eye. The only common denominator 


is that you express both in volume, but 


deformation and elimination are essentially 
different things 

For the Schigtz tonometer Prijot'’ found 
the real amount of displaced liquid 1n_ the 


1.5-1.7 


lor applanation the volume 


living eye to be times the volume 
of indentation 
is different. It was necessary to develop the 
for a better determination 


eliminated. We 


theoretical basis 
of the found a 


suction method promising 


liquid 


Now, after having defeated all these diff 
culties we can begin with applanation tonog 
raphy. If one raises the intraocular pressure 
to a definite level by pressing on the equator 


of the eye and checks the pressure by ap 
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planation measurements on the cornea, fot 


a definite time, at the end of compression 


one can determine the volume lost by means 


of applanation methods and the previously 


Now the 


calculated 1f we 


determined P-V curve outflow re 


sistance can be know P 


What is P 


with the 


You all know that repeated 


tonometry Schietz tonometer, 
intraocular 


effect 


though very brief, lowers the 


speaks ot lassage 


pressure ( Drie 
Various 


authors, especially Stocker, have 


that the lowering of pressure may 


also detected the 


persist and may 


other eve Even more impressive 1s what is 


seen in applanation tonometry. Here the ten 


sion is increased during tonometry by less 


than one mm. Hg. In spite of this minimal 


increase, the intraocular pr re of many 


normal persons diminisl 


tonometry some tv 


three or four mi 1 some subjects the 


decre: mtinues for longer than this 
shown that the decrease in pres 
change in 


corneal consistency 


| tension 


raphy one should et 


\ 


ie where the 


sure but 1s ; 


ension, pet 


haps due to the mani and prepara 


tions before tonomett that the de 


is a reestablishme equilibriun 
the 1! but the last 
of the tension 


3. The 


change in 


is the 


decline in pressur result of 
tactors 


a dimi 


one 


more 


a decre ist retion 


of outtlow 


nution of episcleral venous pressure, and 


so on. In this case also the final value of P 


must be used in the tonographic calculations 


What possibility is there of distinguishing 


between Case 1 on one hand and ( 


and 3 on the other hand? If one considers 


the rate of change of volume of the eve with 


dy 


one that this 


Sees 


change in 


ap 


corresponds, in the electrical 


discharg of a 


capacitance. On the 
tance through a resistance, capacitance times 


s the dimensions of time. Tht 


resistance 


a capacitance resistance systen 


characterized a time constant, 


quired for the svsten to dissipa 
of its charg: 


Phe 


tance resi 


hur 
tance syste 
Stant of the nor al eve 


be approximately four 
the pressure ren 

for over 15 

the 


equilibriu 


Much of the 


im. he first part 


tonography 1 ip 
pressure seen 
uc curves which we « 


tonogra} 


depends on the 


loes not wal 
forming tonog 
inutes 
fror 
eous P 


erron 


calculation of 


planation tonography 


to sav much. So 


cases of simple glaucoma, 
creased resistance 


glaucoma, ner\ 


| during repeated titutes such a capa 
more mm. He in 
may | lculated 1 
to six minutes. but 
aby] if the lowet 
ind this suggests that 
EE. Moreover, if measur: lue is the real P, of 
ment is continued, the What here is demonstrat: 
evel is maintained, but readily be dis characterist vith the applanation ton 
ip] 
urbe or sno} periods ona ex eter must hye vith ‘ 
itement dacreacee af 

What does this for tonograpny I 
Phere ire three posstibiliti walled ‘creep 
olume ot the globe by isoconstriction. By of the patient It confirms to a great extent 
such an eftect | the intraocular pressure what Grant'* has insisted upon. But if on 
or e¢ wuithbriu Is not ch inv ind in tonog izes before pet 
ploy the first measured this stal tior 

2. It is a vascular o1 scular effect. but the tonograpl 
change is not a decrease of « values w 

ie first pa ‘ he tonograph irve 1s m 

used for calculation 
crease As to the results of our worl vit iD 
stable \ game [EES far, even in very early 
a ips in very early 
vous disturbances of homeo 
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stasis may plav a role. We have no support pressure is the cause of the glaucomatous 


for this, but our material is small, so we must excavation, the atrophy of the optic nerve 


leave the ‘question open. We can however and the deterioration of the visual field. The 
confirm with this method that in simple chief arguments for the independence of the 
glaucoma of longet Standing the cause of disease of the opt nerve from the ocular 
the increased tension is an increase of the hypertension are the following 

resistance of the outflow channels of the 1. In secondary glaucoma high intraocu 


ingle Che instability f the pressure of lar pressure may be withstood for months 


any of tl cases has at least three purely without visual field defect. On the other 


wechanical reasons hand, in simple glaucoma a small increase of 
1. The P-V curves show that the capaci tension 1s correlated with very severe losses 
of the rma é much greater in the visual field 
matous eye 2. Cases of simple glaucoma with grave 
level. So, damage to the visual field continue to de 
a greater cay to virtual blindness even after normali 
than in zation of the tension 
3. It is said that cases of modest but defi 
laucomatous nitely pathologic ocular hypertension exist 
where the eye never shows a visual field ce 
fect, and on the other hand there are cases 
with normal tension but with glaucomatous 
atrophy and field loss. To this third point 
e say: cases which we have seen with ap 
parently modest hypertension for decades 
ind without visual field damage, were eyes 
with a high coefficient of | rigidity and 
normal pressure. The greater part of so 
called glaucomas without hypertension wer: 
eves with remely low scleral rigidity 
cases with normal ten 
slowly progressing field defects 
avation of the opti 


These rare 


other rvations which are at the 
bt about the correlation of 


ual function and intraocular pres 

treated togethet1 Secondary 

and angle-block glaucoma are 

states in which we can often exactly indicate 
the « when the increase in pressure be 


gan. In simple glaucoma this has not been 


possible. Now, thanks to the extremely in 
teresting work of Leydhecker can 

n the main how much time elapses between 

beginning of a simple glaucoma as an 

of pressure and the beginning of 


held defect. Le vdhecket has ex 


) 
Peop sutteri mecontrolled cases need further study 
The visual field deca 
racterict recifi atrophy 
of opti nerve thy, tous exca 
nimportant o1 s | t nion that this 
1 | | i 
glaucomatous atrop nifestation of 
gel 
pendent + the ner cular pres 
How is it possible t : in opinior 
uld ti ser1ous ete > 
my hye +} lar ley 
| here Ss m oub secondary giau 
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| 
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amined 19,000 eyes of so-called normal peo 


standardized tonometer 
He found 427 


higher than 20 


ple with a 
with a 
Hg 


were treated as glaucoma suspects and were 


peopl pressure 


$27 pet yple 


mm 


subjected to a battery of including 


diurnal pressure curves, provocative tests, 


ophthalmoscopy, perimetry, and a modified 


tonography which Leydhecker™ previously 


had found highly successful in distinguish 


ing between normal persons and cases of 


early glaucoma. Persons in whom at least 
two of the additional tests confirmed the sus 
picion of glaucoma were classified as glau 
coma patients 

‘rom these proven cases Leydhecker fur 
ther selected those with well-established field 
defects 

If one puts the number of the diseased as 
logarithm on the ordinate and their age on 
the abscissa, very 


The 


(crosses, fig. 1) represent an irregular group, 


interesting plots can be 


obtained (fig suspected cases 


as 1s to be expected The confirmed simple 


glaucomas have (full circles, fig. 1), on a 
semilogarithmic representation, a good linear 
This that 


increases with age according to a curve of 


correlation. means therr number 
organic growth. 

Glaucomas with visual field defect (open 


rhe 


two lines are parallel, but displaced from 


circles, fig. 1) also lie on a straight line 


another by 


one 
What 


creased intraocular pressure precedes visual 


approximately 18 years 


does this mean? It means that in 


field defects. Both have the same rate of in 
crease in incidence. Therefore, in all prob 
ability, the decay of the visual field 1s the 
result of the increase in pressure but, from 
the beginning of the pathologic increase of 
pressure until the manifestation of the vis 
ual field loss, there is a lapse of more than 
one decade 


held 


he simple glaucoma with s¢ 


vere loss is therefore the end state of 


a disease which began decades earliet 


Is it then to be wondered at, that in se 


ondary glaucoma where the day of onset 1s 


exactly known, an increased tension may be 
without field damage for a few 


think that the 
hecker invalidate the 


W ithstoc 


months? | findings of Leyd 


of these cases 


evidence 
for a statement that intraocular pressure has 
nothing to do with visual field decay 


What concerns us now its the sad fact that 


in glaucoma with very grave field loss, blind 


ness often can not be avoided, even when 


the pressure is normalized. I will tell you a 


story pertinent to this 
man was 
1940 


minution of 


ius¢ 


thalmolog 

e ti 
was found 
ment ot 
liagnosis of tumor f ol al 
ind advised operatic hich was declined. In N« 
vember, 1956 
jectively virtually uncl 


ward, his visual acuity 


saw 05 (20/40 ind 
fields were very restricted 
Now the patient consented 


atrophic 
T but the 


tion. The surgery went well 
1 now he ts totally bl 


went down at 
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15 2s 35 45 65 
mum hearing. In 1954 he went to an oj 
serious liminishe He 
to the oper 
patient's vis 
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Everyone of you knows such cases. No 
one doubts the connection between the loss 
of vision and the intracranial hypertension 
cause of the 
the choked 


caused by the tumor. When the 
hypertension is removed early, 
disc disappears without damage to the optuc 
nerve. But when the atrophy has begun then, 
In many even removing the cause can 


Cases, 
no longer interfere with the destruction of 
the optic nerve 

called the 


full picture of simple glaucoma is nothing 


but a late 


Now we see that what we have 


else and often final phase of 


evolution—a final, often a moribund state, 


the result of years of insult to the opti 


nerve. At this stage normalization of the ten 


sion may Or may not rescue the few remain 


ing neurons 


On the other hand 


plenty of time during 


nose simple glaucoma 


ment of tension in persons over 40 years of 


age three or four years when they 


every 


have the regular check for presbyopia 


should suffice to detect 1imo il] cases ot 


simple glaucoma damage is 


done to the function of and permit 


early institution of treatn Long experi 


ence has proved to me and to others that 


early and adequately continued strict nor 
malization of tension avoids decay of the 
visual field in almost every cas¢ 

It would appear that we have now reached 


the point where the problem of simple glau 


coma seems to be resolved in its principle s 


Simple glaucoma is a disease in which the 


increased intraocular pressure caused by an 


increase of the resistance of the outflow sys 


tem of the eye slowly damages the nerve 


and finally causes blindness. Is this really 


SO 


| think that this definition is valid for the 


fully developed simple glaucoma. Is it tru 


1. Goldmann : \bflus 
114:81-94, 1947; An analysis of primary glaucoma 


+} 


Weekers an lmarcell Pat 


SIMPLI 


sdruck « 


nogencsis 
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at the start of simple glaucoma? I do not 
know. 

If somebody says that in the group of 
patients with beginning glaucoma simplex 
disturbance of the 


there is a regulation 


which leads to an increase of resistance 


which may be reversible at the start and be 
comes irreversible later on, I do not believe 
that our actual methods of examinatioin can 
refute such a hypothesis. The proof or the 
refutation of such a possibility would be of 
extreme because it 


practical importance, 


would raise the question of the reversibility 


of a commencing glaucoma 


On the other hand, is it not true that the 


decay of the visual field in the late state of 
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malized) proves that, at a certain point, th 
inde 


disease of the opt nerve becomes 


pendent of the intraocular pressure 
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ease, which is dependent on the pressure, 
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which is just damaging, slowly diminish 
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last there is no pressure at all compatible 


with the survival of the rest of the opti 
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All the S¢ 


will determine 


questions require a method that 


in every single case the limit 


ing pressure which the individual optic 


nerve can withstand continously without 


damage. Only when we have resolved these 


borderline problems in both early and late 


glaucoma can we evaluate to a certain ex 


tent the whole pathophysiology of simpl 


Even then in the process of thetr 
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solution there may aris¢ problems at 
present beyond our conception 
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considerable diagnostic value 
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had more significant decreases from 19 to 42 
_ percent in the pressure of the central retinal 

artery ipsilateral to the partial occlusion. 
Figure 4-a shows diagrammatically the 
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and internal carotid systems by way of the 
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External Corotid the ophthalmic artery and the internal carot 
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external carotid into the facial artery and 
through anastomoses into the ophthalmic ar 

\ nternal Corotid tery to backfill the internal carotid system 
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MUSCLE TRANSPLANTS TO SCLERA IN 
RicHARD WeESTSM D.. Byron Demorest, M.D., AND M on Fioct WD 

In 1956. Burnsick rdvance the medial the macular area in 20 rabbit and twe it 
one half of the inferior ol le muscle te eves. Six of the rabbit eves had previously 
the sclera over the 1 ular area in the eves had the retina ce wulate 1 with the ght 
of three monkevs nm an attempt to increas iwulator f NMever-Schwickerat thre 
the blood supply to the retina n that area of these eves. extraocular muscle ‘ trans 
In one of these al ils the retinas had beet planted to the sclera at the site of the burr 
mre ously sunburned by hrect exposure t The superior rectus muscle was use 1 t¢ the 
sunlight for four minut His histologi transplant. The eves were sect ed at vary 
sections suggested to hi that an increased Ing ntervalis trot three lay t t} ‘ 
lood supply te a a produced by onths after surgery 
this operative maneuver. He® further studi | \lthoug new granulatior tissu ‘ 
the blood volume of the ar using radioa found in the site of the anastol sis nm the 
tive tracer methods vith yh sph rous 180 surface of the sclera nmno case he ‘ 
topes in i series of dogs yut found that this find definite ngrowth ot esse!s into the 
nethod was not a reliable wav of measuring sclera suggesting increased blo | supply t 
the blood vo'ume of the ar Encouraged the choroid. Those animals treated with th 
by his histologic findings howevet ind light coagulato! ind muscle transplant 
iware ofl the serrousness ot the problen ot | at ncre ised lence t re 
senile macular degeneration, Burnside? per SBR compared to other areas burned wit! 
senile macular degeneratio1 vith the re been transplant | beneath th hg l t 
markable result of a definite provement 5 

>t by his findings, we have pet Senile 1 ular degeneration s an ex 

onlv a relatively small amount of researcl 

. has been directed. It has been presumed n 
Medicine the past that this condition 1s due to a cle 
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Fig. | Westsmit Der es 1} cks). Rabbit 8 1) Site of muscle anastomosis to the sclet1 Bits of 
suture 1 ter ! e€ set Phe | appears nort The normal retiu is artificially det ed b 
Hig rv as ew same eve ot ded new vessels 
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Fig. 2 (Westsmith, Demorest and Flocks). Rabbit 9. (: »f muscle anastomosis. The retina 1s 


irtificially detached. (b) High-power view, same eye, Th und choroid appear unaffected 
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Fig. 3 (Westsmith, Demorest and Flocks) ab 
"| 
I 


bit 6. The suture material and muscle are well into 
the wall of the sclera, but no new growth of blood 


vessels to the choro seen 


( Westsmit 
An area o 


1 with the 


treated 
marked in the deepest 


e pigment epitheliun 


blood supply t area, but can speculate that perhaps the muscle trans 
this is by means definitely proven. Our plants furnished needed support to the pos 
results te that terior pole of the eye in the same way that 
extraocular muscle to the lera in the macu Borley* has improved macular vision in high 
lar area does not increase the blood supply myopes by 


means of scleral transplants; ot 
to the sclera in that area. From our find 


that the improvement was due to some other 


ings in rabbits and cats, w *ataloss to reason. We shall be extremely interested in 


explain the definite visual improvement the results of 


Burnside’s continuing series 
achieved by Burnside in 27 of 28 patients 


2 of patients treated surgically for senile 
following inferior oblique advancement. We macular degeneration 


MUSCLE 23) 
A 
/ f 
* | 
- 
ree 
32. 
we” 
/ 
My Aj 
j Ay 
a ~ 
gulator. The disturbance 


RICHARD WESTSMITH, BYRON DEMOREST AND MILTON 


FLOCKS 


M MARY 
I:xtraocular muscle transplants to the 
sclera in the region of the 
produce histologt 


blood 


macula do not 
evidence of increased 
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OPHTHALMOTROPIC DETERMINATION OF THE COMBINED 
ACTIONS OF THE EXTRAOCULAR MUSCLES? 


Henry A. 


Los Angeles, California 


INTRODUCTION inches in front of the center of rotation of 


the ophthalmotrope. The two units were 


lhe information presented in this report righ 
a rigid base common to both 


I 
was gathered to be used in the design of a mounted on 
motorized ophthalmotrop. The motorized co™ponents Views of the ophthalmotrope 


designed to repro and the projection screen are shown in Fig 


ophthalmotrope is to be 


nents as closely as pos 


Raa 2 and 3 
actual eye move! 


In order to be able to design such an 


ophthalmotrope it lecessary to deter 


mine the amount of muscle action required 
by each of the six extraocular muscles to get 
the eye into all direction of regard. It was 


that the data obtained ht be of value 


lying the action of 


to other investigators stu 


the extraocular muscles. The data were ob 


tained by specifying eye positions in accord 
ince with Helmholtz’s syste co-ordi 
nates, but the values can very easily be 
transposed to any other systet \n example 


of such a transposition is given in the text 


\PPARATUS 
[he apparatus consisted of an ophthalmo 
trope containing a miniature projection sys 


tem and a plane projection screen located 10 
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Fig. 1 (Knoll). Ophthalmotrope representing the 


rignt eve as seen Irom above 
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Fig. 2 (Knoll) 


right eye seen from 


Ophthalmotrope representing the 
a posterior medial aspect. The 
projec 

tion screen with the coordinates of azimuth and ele 


muscle weights and scales can be seen. The 


vation are seen behind the ophthalmotrope 
The globe of the ophthalmotrope was 


made from a hollow plastic sphere 101.6 
mm. in diameter. This sphere rotated on a 
cylindrical cup made of aluminum tubing 
rod attached to the 


mounted on a brass 


“apex” of the orbit. The cup can be con 
nected to a vacuum line to hold the globe 
fixed in a given position. The vacuum fitting 
can be easily seen in Figure 3. Rotation of the 
globe on this cup placed the center of rota 
tion of the globe at its own center of curva 
ture, a condition which does not exactly 
duplicate the circumstances in the living eye 
This and the fact that the center of rotation 
is not a fixed point in the living eye are two 
approximations which had to be made in th 
ophthalmotrope. These are not serious aj 
proximations, however, and will not invati 
date the data. 


Other approximations involve the “‘mus 


A. KNOLI 


cles” used. Silk threads were used to repre 

sent the central axis of each muscle. Origins 
and insertions were used which would repre 
sent the centers of each of the six muscles 
No attempt was made to duplicate the effects 
of the 
other. Furthermore, no attempt was made to 


muscle sheath attachments to each 


duplicate the effects of the other orbital con 
tents. These effects are very complicated and 
would be difficult to repre xdiuce 


The four recti muscles were attached as 


follows: The insertions were located in ref 


erence to the “limbus,” a circle having 


diameter of 


muscle 


48 mm. centered on the sagittal 
diameter of the eye rectus 


Medial 
»? 


insertion: 22 millimeters from the limbus on 


the 0-degree meridian. Inferior rectus mus 


cle insertion: 26 mm. from the limbus on the 


270-degree meridian. Lateral rectus muscle 


insertion: 28 mm. from the limbus on the 


180-degree meridian. Superior rectus muscle 


insertion: 33 mm. from the limbus on the 


rou 


90-degree meridian. The origins of the 


rectus muscles were located on a circle hay 


ing a diameter of 32 mm. centered about th 


brass support rod at the “optic foramen 


The insertion of the superior oblique mus 


cle was on 90-degree meridian 19 mm. | 


hind the equator. Its “origin” was on 


medial wall of the orbit such that its cours 


made an angle of 55 degrees 21 minutes with 


the wall of the orbit. In its course it passed 


under the superior rectus muscle. The inset 


] 


of the nferiot oblique muscie 


(Knoll). Ophthalmotrope representi 


from the lateral 


US 
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mm. below the 180-degree meridian, 30 mm. muth values represent movements toward 
behind the equator. Its origin was on the’ the nose, positive azimuth values represent 
that its course movements toward the temple. The points on 
7 minutes with these curves represent the actual values 
measured. The curves have been fitted by 
eye 
oriented In Figure 4 may be seen the results for 
screen. The the horizontal recti. As expected, the change 
center of 
lateral to the wall ie center of the LATERAL RECTUS 


Was located n ( ) tn 
| 


optic foramen 130 
The muscle strings passed tl I 


in the 


20m 
\ Xe 
not 


\ 
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CONTRACTION 
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to lead weights. Eacl f tl uscle strings os 
| } ld | 
carried an indicator whos osition could be " 
read gainst i ert scale rhese Or 1 
The miniature pt ounted within 10 F 
the globe served tft nt the retina ~u 
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ertica hor nt rojyectior 
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nind n sne i is 
he projection secre rried a grid rep 
A 
ordinates oft it itor he #30 + 4 
Ist engths were ol rol ich ten ck | 
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| if il | t up te 
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-20 4 
ne dat vere takel t gh the eye was oO Vd 
‘ 
certall evation and -30 F V4 
chang ts position u th. This would (A 
orrespond to havir sween hon — 
ont nes p ralle ( tine trontal plan il 
vr 7° Fig. 4 (K ange in muscle length (mm.) 
> r the me nd lateral recti muscle of the right 
Res 
epresenting the paired iscl 
model represents the right eve, 2 es show! 
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_ SUPERIOR RECTUS the changes in the superior rectus are min 
bi mal, but fairly large changes take place in the 
length of the inferior rectus. The rever 
true when the eye is depressed rhis 
ference is explained by the fact that the con 


tracted muscle has its insertion close to the 


EXTENSION 


axis of rotation, whereas the extended mus 
cle has its insertion at some distance in front 


of the axis of rotation and hence will swing 


IN MUSCLE LENGTH 


CHANGE 
CONTRACTION 


SUPERIOR OBLIQUE 


-20 0 “10 
AZIMUTH (DEGREES) 


EXTENSION 


INFERIOR RECTUS 


T 


CHANGE IN MUSCLE LENGTH 


CONTRACTION 


EXTENSION 


"30 -20 
AZIMUTH (DEGREES) 


= 
z 
oO 
2 
z 


INFERIOR OBLIQUE 


60 TTT 


CHANGE 
CONTRACTION 


0 ¢2 


AZIMUTH (DEGREES) 


EXTENSION 


IN MUSCLE LENGTH 
4 


j 
/ / 


CHANGE 
CONTRACTION 


al purposes 
straight line functio 1e muscle lengths 


change very little a s elevated o1 


d, hence the vali between the ex 30 -20 -10 0 #0 +20 #30 
tremes have been lef ) *orapn AZIMUTH (DEGREES) 


[he results for the vertical recti 
Fig. 6 (Knoll). Cl 
shown in Figure will be noted that for the superior and inferior obliqu 
length right eve. Minus azimuth represents 1 


these muscles do have changes in Ig 

The elevation angles are given onl) 
which are not reciprocally related. For ex rhe elevation angles are given only 
gree elevatior The other elevatior 
ample, when the eye 1s vated (plus 49) found between thes 
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225° 315° MERIDIAN 


IN MUSCLE LENGTH 
EXTENSION 
IN MUSCLE LENGTH 
EXTENSION 
T T 


CHANGE 
CONTRACTION 
CHANGE 
CONTRACTION 
» 


-49 4 4 L 
+20 +10 ) #30 #20 +10 ti0 #20 +30 
ECCENTRICITY (DEGREES) ECCENTRICITY (DEGREES) 


Change 


along the 1. 
asalward) 


lusplaceme 


sition 


have been extracted fron 
6 to show the changes 
down, temporal 

degrees up, tem 
lward ) meridians 

The se data are pl di 1 7 and re 

Here it is interest 

uscle functions a 


when 


An accul 
been constt 
tions for all directions of re i 
ive been presented in the 


L 


These posi form of graphs. The data are given in terms 


ms for which of angles of azimuth and 


elevation 
\ transposition to angles of meridional 
direction and eccentricity is given also. Th 
following generalizations emerge upon ex 
amination of the graphs 
] rhe lateral muscles change 
changes in muscle len; may be slightly in length with elevation and 
as the eye passes from its primary sion of the line of sight 


on along oblique meridians. Such data 2. The vertical muscles, when extended, 
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45° MERIDIAN 135° 
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Ob Sey 
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ean 
Fig. 7 (K ength (mr Fig. 8 (Knoll). SM in muscle length (mm.) 
six 1 s ol t eve as it move r all six muscles of the right eye s it move 
& the 45-225 di A wn, tet 35-315 degree (up, temporalward wn, 
po! thie ngulal meridian. Eccentricity is the angular 
the ne the mer liar 
rough an at ts iximum ra 
lius when the eyé traight ine idl 
The results for t muscles aré 
Shi I I | 1! { \ expected the 
hanges in muscle length a1 ite different 
on f the sum s in the el ' 
ted sition in ext r the inferio1 G88 movement within twenty degrees of 
lique tl icliol Ss I el divide 1 be sti Light ahead Ss considered 
tween els it nd put the great 
SUMMARY 
st hanges t D 1 scle extensiol! 
It is f interest to 1 that the superio1 
nasally, whereas the 1 ‘ 1 vertical a 
ty oO! the nre!l ‘ to be 
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undergo greater changes in length with lat 
eral excursions of the line of sight than they 
do when contracted 


different 


actions of the obliques are quite 


from each other 

The greatest changes in the length 
of the superior oblique muscle dur 
vertical excursions take place 
the 


ing 


when line of sight is directed 
nasally whereas, 

Che changes in the inferior oblique, 
of the 


uniform for 


during vertical excursions 


line of sight, are fairly 


A. KNOLL 


Maxi 


place when the 


nasal and temporal positions 
mum changes take 
line of sight is directed straight 
ahead. 

the oblique 


The action of superior! 


muscle is largely extension 
4. When for 


movements along meridians, 


the data are plotted 
the changes 


proximate linear relationships when 


movements are restricted to displacement 


less than twenty degrees from the straight 


ahead position 
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the ophthalmotrope you have 


ENOCH uggest 


JAY 
would be 


very useful to demonstrate tl hang in muscle 


which would result wi har or varia 


ction 
trons in muse le insertions 
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t the opht! almotr« 


(I ity) Were 
ype you have 


a way that their 


BuRIAN 
“muscles” de 
scribed arranged in sucl functional 


insertions were always realized 
Henry A. Knott: Dr. Enoch’s 


vet pertinet ne a isa atter 


CORNEAL 


M.D., 


Grand 


corneal 


In 


he aling on 


order te idequatel 
must consider the embryology, 
anatomy, chemistry, physiology, me tabolism, 


and vascular and nerve supply 


EMBRY' 


Hagedoorn believes and suggests that the 
endothelium which is again said to be of the 
the cornea 
the 


it a later 


first mesodermal element of 


in from the periphery behind 


grows 


primitive ectodermal lamina, while 


AND 


lunch 


ever, a value 


sertions coulc 


am hoping t 


Struct a n 


manipulated 


in any Of the 


In 


answer! 


HEALING 


RoOBER1 


n, Colorad 


date the mesodermal stroma re 


wise between the lamina and the 


In which case, then, we would 


the cornea is probably a mesodert 


except for Bowman's membrane 


surface epithelial cells 


\NATOM\ 


Anatomically the cornea 1s a cl 


trans 


parent multilayered membrane, approx! 


mately 0.5 mm. thick centrally and 0.6 


Cc 
a 
eve 
he 
i? 
|. A Torsion den ratio pete Ojector. Am. |. Oplit 46-696, 1958 
2 Menasha, Wis. Banta, 1924 
p. 49 
Se) now be tried to see their effects. | 
be able to have a mathemat 
Many parameters 
to Dr. Burian’s questio 
Sa\ that the muscle tnre ds were owe t I 
suggestion is a globe as the geometry of the various eye positions 
es Of fact this cor lictated. For the 1 el at least. these w the 
ept othered : reat leal whet t came t functional insertions 
placing the insert for the sup blique. How 
James P. Ricco, M.D 
believe that 


CORNEAI 


thick peripherally, having a convex-concave 


shape with a diameter of 


11.5 


surface 


approximately 


mm. and with a smooth and brilliant 


It fits with a bevel margin into the 


anterior scleral foramen. In order that this 
thick margin may accommodate itself to the 
beveled edge of the sclera, the inner margin 
of the cornea is rounded off in a deep 
groove, the sulcus circularis corneae, which 
fits into the internal scleral sulcus 


The 


layers 


cornea proper is composed of five 
2) Bowman’s mem 


(4) 


endothelium 


(1) epithelium 


brane, (3) substantia propria, Desc 


and (5 


met 


‘s membrane, 
The epithelium of the cornea is continu 


ous with that of the conjunctiva, and the 


na of the cornea is conti 


nuous with that 


membrane, 


ml ind the endothelium 


Che 
the 


Desce ets me 


are co-extensive rea cor 


nea consists 7 on ] } cornea 


or periphe ral 


difter histo 


vessels carrying 


the limbus 


unlike 


mbranes (1n 


‘ast two 

aintains 
its inner sur 
to the under 


geneous, con 


situated and 
ce Ils 


it their base ; 


Bowman hese 


rest 
I 


on 


have round heads and 


re cuboidal columnar in 
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type. They also have a clear cytoplasm and a 
round or oval nucleus and a diplosome in the 
apical part of the cell body. 

2. The wing cells are of polyhedral shape 
and are arranged in three layers. The nuclei 
are oval and parallel to the surface. 

3. The outer surface is composed of quite 
smooth and large squamous cells. In succes 
sive corneal layers from the deepest to the 
ct lls 


ingly flattened. The cells in the corneal epi 


most superficial, the become increas 


thelium are linked with one another by in 
tercellular protoplasmic bridges known as 


“prickle” cells 


between 


lhe cells of Langerhans ap 
cells These 


have migrated 


pear the corneal are 


wandering leukocytes that 
from the peripheral blood vessels and appear 
as irregular branched elements 

Recently Teng and Katzin have made ex 


tensive studies of basement membrane 


of the corneal epithelium stating that it is 
a continuous membrane between the epithe 
lial layer and Bowman’s membrane which 
extends to the limbus and beyond it to the 
bulbar conjunctiva. Anteriorly, it follows 
closely the curve of the posterior surface of 
the basal layers of the epithelium. Pos 
teriorly, it rests directly on Bowman’s mem 
brane. The thickness varies with individuals 
ind with pathologic change, and is approxi 
mately one-third the thickness of Bowman's 
membrane 

Of course the corneal epithelium has tre 
mendous powers of regeneration, and it may 
a little bit on the basement mem 


his can be demonstrated by rubbing 


even slide 
brane 


the eyelids and then looking at the cornea 


with the n Small defects or 


14 roscope 


mild trauma to the cornea heal rapidly by a 


} 


and flattening motion of the adjacent 


begins in the basal layer of cells 


be found a considerable distance 


from the site of injury. In fact, mitoses may 


occur in this layer under normal conditions, 


that is, when the epithelium has not been 


injured. 


Recent experiments according to Cogan 


portion; and these portions do = 
ogically and also in that _—__es 
OOK ne \ pn are S¢ } 
[ELIUM 

1 +} sth 

The corneal epithe ] 1s ntiguous with 
tne DulDat conjyunct IS il iched 
rather loosely to the anterior surface of the 
cornea, and is attache nt only in a Nat 

row often ridgeiike strip known as the a1 
nular conjunctiva. The epithelium is five or 
six cells thick, mor] gically 
= 
ying tissue. It is notab 

tainino none ot the t Spc cells 

ning no! 
cous membrane. Ther e three types of and ny 
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in which butyl alcohol was found to be an 
that the 


in place 1s 


effective loosening agent suggests 
substance holding the epitheliun 
there is also evidence that the 
cohesion is loosened by 


fluoride ), 


a lipid, but 
epithelium-strom: 
enzymatic inhibition (iodoacetate 
that 


etic process Histamine also appears to be 


sug it is dependent on an en 


gyvesting 


erg 


a specifi epithelial loosening agent Cellular 


cohesion is a highly complex system and its 


can be produced entally by pro 


ible eftect 


expert 


loss 


teolvti enzymes, 


result of 1 rference with re 


OC asionally 


id the surface 


run leate 


sees turg 


the cc rgesting th individual 


ition 


ie between 8.0 and 


rons in thickness. It | between the 


and 1s 
It 


and 


I brane 


llular, 
ilthough it 


ived 


stroma 


not clear 
from 
kx 
sinophilic, 
to those of 


the elas 


ine 


nea 


entire cor 
junctival stroma 


unction of an’s membrane 1s 


to speculation, | ms most likely 


( f a generally 


the cornea, and 


er to the pene 


tration of cells into the cornea Chis is strik 


ingly seen when tumors grow on the surface 


} 


cornea and appear to 


of the prevented 


from invading the cornea by the presence of 
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how evel 


here 


perforations of Bowman’s membrane for the 


Bowman’s membrane are, 


1 into the 


passage of nerves from the stro 


epithelium, and these channels are als 


ty 


by wandering cells which somet 


clusters at outer end of th 
counting perhaps for the punctate d1 
tion of superficial infiltrates im 


neal disease Ss 
Bowman's 
when destroved 


trauma 


to 


ORNEAITI 


Che 


ibout 90 percen the 


enti 


the cornea and 1s a tt 


connective structure 


nd 
ind 


number 
bands 


which t 


fibers int 
interlacing net 


the 


composed O 


band at 


the direction of 


tween 
can be 


there is m 


anterior half of cor! 
compactly inte rdigitated 
posterior half of 
resistance to spread of 
rupturing ar 


cracks 


canal, a 
igh 1 
but no appre ind infection. It has many prop 
spiratory processes in the ornea 
The individual cells are presut ed to ad 
ince forw ird as they mature n the epi Ma) substantia propri mprises 
basophili Ultimately the ells are shed ee made up ot 
oe de lular laminas and has a paucit f cells, and 
of an absence of blood and lymph vessels. 
cells swell up just prior to desquamaaamm uminas are compact, eosinop! bands and 
shout OO these onsist ot bt 
RowMAN’S MEMBRA at 1:3 25 crons thicl 
ins rie rar Valine la na ave gin 
12 
epitheliu il 1 the stroma prope! ( ogan has atte pted to ditterentiate t 
inalogous to other basement met superficial laver for ng 1 
found onlv in primates. It is ace work with a narrow S npelin 
1 141 1 
ts origin 1s ME GE periphery. The middle layer ts 
; commonly euupeamian{ fibers radiating out fanwise 1 
the most ante GEE the four rectus muscles. Th 
cep Dell deepest avers [0 icing fe 
its staining 1 centrally but a broad circular band « 1 
the corneal stroma it does not (—_ iz! trically which extends to the mbpus be 
und ends abruptly in the cot demonstrated. Cogan also states that 
on Sn: what one commonly reads, of a cement su 
tal +} +] 
probably Torms a partla ian they are 
nea, offer greater 
_ India ink, and or 
ndala I in 
— 


Laterally the 


into those of the scle1 


transit 


ion such 


fibers 
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cornea extend present, the tissue is infiltrated with enor 


hout any abrupt mous numbers of heterophil leukocytes and 


expect if there lymphoid cells which penetrate between the 


of the optical lamellae and become arranged in _ typical 


sparent cornea fusiform rows 


usual well-pre Cogan in his ultramicroscopic structure 


eT 


il 


1 One gains analysis of the stroma states 


inas courst From examination of the individual stro 


ection, and this mal fibers with polarized light it is possible 


the sections to say that the corneal fibers like those of 


But whe n collagen else whe re im luding the s« lera, have 
laminas a crystalline structure that is amenable to 

seen quantitative measurements, ar d the crystals 

are oriented parallel with the long axis of 

ween the the fibers ( positive uniaxial birt fringenc ) 
rv connec Moreover, the Maltese cross that is pro 
duced when the whole cornea is examined 


between crossed polarizers suggests that the 


hbers are arranged radially to the vertex of 
the cornea l reg arit icelle S18 
said to enhance 1 yme way the transpar 
ency of the cornea in the sagittal direction 
It has also been suggested the appeat 
ince of a cross may | ttributable to the 
oblique incidence of 


sotropiK 


the cornea 


poste TIO! 


approx! 


10 microns thick. It 1: between the 


ind the endothelium. It is split up 

any fine laminas at the periphery of 

the cornea to contribute to the scaffolding of 
the angle meshwork. It is readily separable 
from both the substantia propria and the 


stroma also endothelium, and is very resistant to inflam 


id wandering matory processes and can be isolated by 


blood vessels mascerating the cornea in acid or alkali. Un 


flammation is like Bowman’s membrane, it readily reforms 


ht 
dilteret ‘ between the 
rit 
] 1 +1 +] 
maralle r ylang es 
is true paradoxically whether 
1 
ire It norizol i} Call 
ne cornea a rhtiy er t} 
i] roXimately nat yers 
m — 
i ne cells 
rissue ce if ont 
spe tattle S17¢ tor ne tensive svVnc\ 
T tissu t ( iv De 
dant | ntica yviln 
I 
\ | I 
nt ti nas al rin na en < roested Dut 
vtes the ornea vithout substantia proof it ft s merease 
re rou the newborn n stretching accounts for th ficatior 
+] law if tr +7 +} 
ait tlar Ky wit aus ne c¢ nea ng i | Ol ( 
no tt | hye t these ornea Stroma the epitheliur snow er) ttle Dire 
re runctiol \ tne Das Iringenc except I ts ost superficial 
nents ft ret endothelial sys ivers 
t rie tuciie the pexic prope! 
rm LJESCEMI BRANI 
tie y means 
pues 
tinct proper} er. (10tola alse il na i Nvaline na 
ccording to Tho rformed expe nately 
ling 
nts to ind ite tl _ , f elk ents of 
‘ ] 1+] +} 
the re cu enadoti \ part 
chvma otf the cornea 1 Cellular Cit 
ments that absorbed ‘ ves during iont 
nhorecis 
pi 
Besides the fibr be 
ells which migrate f he 
f tl rneal limbus. When in 
ot the corneal iumobdus \\ ne ! 
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after pathologic destruction ; and when it ts 
cut it gapes slightly and shows a tendency to 
roll up. It 
structure taking acid stains, most elastic tis 


appears to be a homogeneous 
sue stains, and some of the stains for neutral 
polysaccharides It appears to be loosely at 
tached to the stroma since it may be ‘easily 
separated by pus, blood, or often merely by 
the process of preparing the sections 
Occasionally circular bands of hyaline ma 
terial may be found coursing within Desce 


met’s membrane at its peripheral extremities, 


comprising the line seen by gonioscopy and 
\t the periphery 


known as Schwalbe’s line 


it shows, in older eyes, excrescences known 
as Hassall-Henle warts. Cogan states that 
Descemet’s 


to ‘take’ 


“The distinctive properties of 


membrane are: (1) its property 


elastic tissue stains; (2) the tendency for its 


cut edges to roll outward 3) 


its impervi 
ousness to invasion by blood vessels, cells, 
(4) its 


ipparent resistance to pyolytic and autolytic 


and other formed elements; and 


processes in the body 


| he 


can be 


membrane 
It is 


functions of Descemet’s 


inferred from these properties 
invasion of the 


The 


forms to 


protection to the cornea fron 


inflammatory cells of the aqueous 


barrier that Descemet’s membrane 


the Invasion by blood vessels is strikingly 
iments where 


in transplantation exper 


no blood vessels get into the cornea, at least 


so long as this 


through its posterior surface 


embrane is present and intact 


NDOTHELIUM 


of flat 


18 to 


Che endothelium i single laver 
high and 


hexagt nal cells 5.0 microns 


20 wide arranged along the inner 


microns 


surface of Descemet’s membrane, and hence 


forms the lining of the posterior surface of 


the cornea. The cells constituting the mem 


brane form a mosaic of pentagonal units and 


ire somewhat larger and have more abun 


dant cytoplasm than do most endothelial 


cells, and this as well as their origins has 


given rise to the suggestion that they are not 
Mitoses 


true endothelial cells are also never 
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seen in the normal endothelium, and _ its 
method and rate of growth are wholly ob 
scure. Two of the distinctive characteristics 
of the endothelium from a morphologic point 
(1) its marked 


and (2) its property ol 


of view are fragility to 


mechanical injury 


surrounding any objects with which it comes 


in contact 


to sur 


The capacity of the endotheliun 


round objects may result in incorporation 


of foreign matter (pigment, retrocorneal 


membranes, or small calcific particles) much 
as a bee incorporates foreign particles in its 
hive, and thereby avoids any disturbance of 
Mitoses are seen in 


fluid exchange. never 


the normal endothelium, and it is felt am 


a method of regeneration of corne 


toses is 


1 con 


endothelium of the rabbit under norma 
ditions and that the mitotic cell division o« 


curs under unusual circumtances only 


LIMBUS 


approximately one mm. wt 


transition zone between 


Limbus is 
and includes the 
cornea and the conjunctiva, episclera 
sclera, and it contains two layers, the 


Che 
} 


because 


thelium and stroma structure of 


region 1s different Bowman's 
brane stops short and Descemet’s men 


merges in the formation of the 1 


the angle of the iris, by passing ove 


Both 


trabeculas at the chamber ang 


atomically and physiologically in the li 
region, it has a close relationship to the co 
nea proper, because of its proximity and be 
physiologic and _ pathologi 


cause many 


cornea are influenced 


bl 


and nerves, 


changes in the 
dependent on the vessels, 


or aqueous veins situated 


limbus 
The cornea is devoid of blood vessels 
the region of the limbus is plentifully sup 


} 


plied by the superficial and deep marginal 


plexus. The anterior ciliary arteries furnish 


branches to the sclera and also the anterior 


conjunctival arteries to the bulbar conjumn 


anastomose with 


the posterior conjunctival arteries which are 


tiva. These latter vessels 


| 
the 
nd 
ep! 
this 
bran 
rk of 
lymphati: 
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branches of the medial palpebral vessels 


small direct branch from the ophthalmic 


artery ) and the lateral palpebral vessels 


(small branches from the lacrimal artery) 


These arteries form a rich anastomosis 


which ends in a series of arcades and give 
off tine branches to the extraordinarily deli 
cate loop network at the margin of the cor 
nea. These loops bend around to form ves 
a delicate network simular 


Che se 


ery prominent and 


sels that lead into 


to the arterial side of the arcades 
vascular loops may be 
concentric collaterals as described 


Asche I 


1 
Ncroscopically 


as 


I 
ail and yqueous veins are 
pathways whose 


blo« ves 


colorless fluid o1 


ippearance simulates that of the 


sels; they contain a I 


diluted blood, and tercalated, probably 


ween intra-oculat 


junctival and sub 


Anatom 


ont 


torn 


the ciliary nerves, 
branches of i r the sclera from the 


distance behind 


irgin they us 
is, and continuc 
:xis-cylinders 
onsiderable dis 
two-thirds of 
lichotomously 
ery occasionally 
nes they show a 
ints of division 
urse, according 
described — the 
ciliary nerves 
ind consisting of both deep and superficial 
surface of the 


branches. termina 


cornea. The ophthalmi ch of the trigem 


inal nerve, which is sensory nerve 


with its center the rian ganglion, pro 


gasst 


vides the corneal sensitivity through the cili 
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It is estimated that 60 to 80 nerve trunks 
penetrate the deep layers of the cornea, us 


ually in the posterior two-thirds of this 


structure. After penetration they run a rad 
ial course and branch, as stated above, dichot 
omously or dichromously, the nerve trunks 


naturally diminishing in diameter as they 


progress in their course. The branching that 


takes place is usually at acute angles and 


at the bifurcation there is a web or dark 


stained plate in most cases. There are also 


fine single nerve fibers that enter the cornea 


ind follow the same course as the heavier 


nerve trunks. Thomas states that this com 
municating, interweaving and multilayered 
plexus of nerves is thought by some to fol 
the 


was termed the fundamental plexus by Mar 


low lacunar system of the cornea, and 


tinez. 


Kscapini stated that the corneal nerves 


consist of three elements: (1) a sheath of 


the myelin sheath, and (3) 
Most of the 


their myelin sheath about 0.5 millimetet 


Schwann; ( 


the axis cylinder hbers 


from the limbus, before the branching oc 


The nerve endings, of course, pene 


trate Bowman’s membrane and enter the epi 


thelium. There are two special types of fi 


shown, shorter fibers provided with 


end-plates ramifying in the superficial lamel 
limbus, and a 


lae and the epithelium of th 


second type which shows no anastomoses or 


end-bulbs, but which ends in the substantia 


propria by tapering to a point. This evidence 
points to the fact that these nerves are nerves 
of pain, according to Duke-Eldet 


(1951) 


regeneration usually the pro 


Rexed and Rexed have shown 


Schwann cells bridges the 
regenerating neurites 1n 
In all other peripheral 


invarial 


right direction 


nerves the neurite ly grow out into 
Schwann sheaths, 
Bethe (1903) 
Schwann cells 


(1935) 


the mass of prt rated 
the so-called Bungners bands 


considers that the form the 


new neurites, and Boeke considers 


them indispensable for the regeneration and 
The proliferation 


growth of new neurites 


rie 
\ hey are cont vith, OMIM a 
( iferation of the 
gap and leads the 
+} 
the 
ary nerves 


\\ 
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of Schwann cells is, however, an indepen corneal fibrils ar 
identical course diametet 


(Rexed, The X-ray defraction patterns of the c 


nea presented by Maurice 


dent reaction which has an 


even in the absence of axons 


1942 
the fibrils ar 

mitting transparency 

inters 


and any may be in maintaining the 


cornea 1 ' aren 
iously interferes their arrangement. When this « 


nage. The disturbed by swelling 


Quoting fron that one function of the 


n this 
f the 


ical peculiar rneal struc stance, changes in 
such as the d regularity 


running 


bsence 


ill con 


in opu 


presence OI! 


iffering 1 ent abundant! 


the untain an 


constancy irency and 


ypertic 


blood 
solutions o 


fresh scler 


when place 


parent brils be with 
parall equal have their to take up watet 
ixes disposed in w that the which it contat 


44 \MES | 
parallel anda equa 
vidence that 
ice, thus pet 
So suggested 
] 
lait 
normal rderliness of 
cnangs raeriiness 
| 
witl tine round su 
g 
ire 1 resulta clour | 
n the irrangement ot the epit el cells, the theory gives us a frame vorl i! which the 
loselvy packed corneal lamellae a mucoid and the regularitv of tl 
most parallel ich other the | oT structure can related ts transparet \ 
blood vessels and other features, Smelser, 1958 
tribute to the efficiency of the eve as 4a Cogan adds hought that perhaps som: 
1 instrument Because the individual cor of the transparency has been ascribed t the 
y unders g 
PHYSIOLOGY 
invarving 
he TURGESC! E A ANSPA Ni 
here iré many theort red to ex (_ogan states that the sno tissue ot t 
the transparency t ‘ ornea the DOCY wit the possible exceptio1 VV 
ost recent nd fruitfu : was pro ton’s jelly in the fetus. which when 1 
rou 1 DY Maurice tneory ind place Im al queous soiutiol tn 
ch points out that in th rnea the small capacity to swe se dines Crem \ 
et the regular t\ f the size and at magnitude ft this swelling mt ti 
no ent f the ultrar D fibrils are eral hundred pet ent its 1 rt 
th, ntial features whicl ike this tissue effectively independent of ny 
t varent. The space fibrils behave as an tonicity or hydrogen-ion I ntration t 
niinite nu x I littractior gratings Be might be expects 1 to « pl ys | 
ise of the r number und 1 ; 1] rity of their Moreover if swells in the se flu le wrth ‘ 
irrangement, the intensity oft t maxima 1s it can reasonably be expected t ! I 
reinforced by the difftr ted oht nd rela tact normally. that is veous hut , nd 
to be very thin as compared to those which Sa shows practica no swelling 
KOT | he diameters r thre ornea nbers The reasol tor this excess eT 
re ery iriable vhereas se O ng capacity le cornea ‘ pa 
opaque sclera or ot a leukor re so, det with that of the sclera is apparently the 
onstrated by the study of Schwa Accord specific polysa haride in_ the ornea, tor 
ing to Maurice, for a tissue to be trans when this is removed by pri treatm 
cornea shows little pacity 
over and above the amount 
s normally 


mucoid 


mesenchymal 


ORNEA HEALID 24 
(HEMISTRY RNEA The bulk o rie mposed of 
he ornea and sclet trot 1 chemical factors. a proteil el 1 round thstance 
a 
onstitution standpoint are very similar. Ad lhe stromal lamellae are lager 1, in turn, are 
bound by ground tance. The ground substance 
eT states “ ‘ 
oe support fibrillar t r tabri 
nsisting rote rice and 
me st estig et erm wit 
nt | tive tteretl 
eT Vi 
‘ 
( 4 ath one nal ohvarate 
ce plexe oly ed vcoproteins 
‘ nd ucopol } es he rcooprotell 
4 re ray rou renis 
g gen Z 
proteit The tu ucopoly 
saccharic the od re | ironic acid 
nd chondroiti: fur cid. The round 
1 hie ste substance ot ont tive tissue s rich n 
mucopoly echaride The plex s ale 
tm ta teria f the umb 
rtilacs 1 the tres 1s ] t the eve 
Hepariu is alse ICOpol rick is 
. vmes such «othe valurot vith 
is nit ssue integrity leadipg to 
% the potentiality of spread of infection and 
tumor. Mucopolysaccharides ar so found 
| n the mucinous and mum secretions of ‘ 
epithelial and cells. The epi 
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thelial mucopolysaccharides, called mucin, atous and islands of cells desquamate 
may have pathologic processes which affect leaving pits in the corneal surfac 
these tissues and m: be accompanied by Cogan found that the various substances 


I thos 


the elaboration of excessive umounts of tested could be classified 


mucin (Robbins, 1957) which pass through 


that the anterior easily than through the epitheliu 


? 


It is interesting to know 
stroma (2) those which pass | 


pituitary is consistently involved in the con 
(or Hurler’s disease) stroma and _ the epithelium-stro1 


dition of gargoylism 
ition, is now’ equally, and 


which, on chemical invest 
interpreted as a generalized n ibolic dis through either 
turbance in which the cell many tissues substances capa 


muco thelium-strom: 


and organs retain large 


polysaccharide ( Andersot nolecular 


METABOLISM 


Inasmuch as the eye is closed during the 
night and open during the day oxygen which 
might be obtained 
tainly excluded at nig 
be obtained through 
and from the, let us 
Adler states: “It must 
its metabolites by diffusy 


the limbal capillaries, the 


the tears.”” The relatiy 
three sources 1s not 
felder, and Duane hay 


most of the QO. consum; by the cornea 


is due to the epithelium 


CORNEAL PERMEABILI1 rRITION 
Cogan states, ~ Che orneal roma (in 
cluding Descemet’s membran is freely 
permeable to aqueous solutes and shows no 
significant resi massage of an 
electric current ove in equal thick 
ness of physiologi 
tion.” 


Permeability o 


influenced by the action of net iS €1 
denced by the ede resent in the corne obtained 


in neurotrophic disturbances, a is utilize 


Thomas. Loewenstein has sh« 


chemicals will go into the 


come out. After irritati 
nerve, the amount of water in the epithelial 
cells is increased and after section of the tri 


become s edem 


geminal nerve, the epithelium 


rougl the 
ug! 
woul 
those which do no Das 
It was observed that som 
ble of penetrating the ep 
substances Lonversely tne per ean y 
OF CORNEA 
ne solated stro t apparel \ S ( cl Cl 
on molecular siz The epitheliu retain 
electrolvtes i! ilso ny nonelectrolvtes 
ind there 18 no exchange of 1ons whet I 
ferent salts are present on each side of 1 
cornea Phe DCT ability of the or le 
pends also on differential solubilities. Sul 
stances which characteristicallv pass t rougl 
the stroma but not through tl epitheliu 
contribution of these pass equally through the stror at thy e] 
Known LLein thelium ind stroma ar generally solubk 
€ also pe nted out that both water and fat. Those which do not nas 
eee hrough either layer have larg olecul 
In this connection the cornea receives | 
nourishment by a process of simple diftusior 
of the ilar fluid Ire the per her 
It will be remel be red that this fluid di lyse 
trom all the blood vessels in the eve nd the 
evidence points to the fact that diffusion may 
take plac directly from the ular wit 
rround§ the mbus or indirectly fro the 
fluid in the anterior chamber. Th » 
Meee, the corneal epithelium is_ lism of the cornea is extremely slow and it 
that suthcient nourishment 
‘f one or other of these two route 
Duke-Elder 
that certain 
smeiser States 
Ground subs é present it nnective 
unknown means. During the past 20 y 
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fibers and acid mucopoly 
rides are Mucopolysaccharides 
l ation, h in embyroni 


linking 
are 


ant 


lusive evidence 


is necessary for 


aterials is 


sulfated muco 


itin 


injury 


f would 


reaction 


already 
s, trom 
These cells enlarge 


ue into the 


Ss present, where 


polymorphonu 


ine with a pro 


rorm col 


ly in paral 


ie extracellular 
found the now 


ells; they beco mature connec 


dormant until stimu 


cells, and lie 
renewed activity The fibers laid 
is way form sheets of collagen, 


ORNEAL HEALING = 
the emistt nt sue ground su torces 
st great st! rily throug thie na 
eS¢ f Karl Me ss te ear] 
e demonstrated the pr three 1 mu evelopment of the cornea smi in the healing of its 
rides keratos tin s tate ut the signinicance of this relationship has 
\ ,; roitil stituents in the not yet been elucidated. They increase in amount 
“Kee 
rne Be se the ‘ P mI : vhen fibers form, and have been implicated as a 
et ve tudied. t Ss! s begit necessary factor in the production of collagen fibers 
ne t ‘ erst | from inert { n vitro, but there is, as yet, no conc 
re rather tant rl er.” For t the presence of thee 
xample 0) percent lint hibri nm 
| 
strove very 3.7 Phe lantit nd location of the 
sku | rides, keratosultate nd chondromm su 
‘ t te 1 he te ed T by radioaut 
P 7 nique Suitate iteriais ippeal very 
‘ ‘ { P rat riv w 1 healing wound nd their rate ot syn 
t \ thesis al remains hig for a long time in the 
, f f the reas of the regenerating connective tissue. While 
; ' } ‘ e healing process involves the formation of sul 
t ted muco} saccharides, the preceding 
nercent nt t re lu 101 ises some reduction u 
‘ grou! the lj ent tissue For 
one shat fe ‘ f there is 1 eficit in ground hstance ma 
‘ the rm rrounding the wound. This 
nm be et ex ne sect ns ot il earl or 
t neal wou! t ‘ wit toluidine blue The ground 
te { st nstituents stain metachromatically wit 
thus al re see that metachromasia 1s re 
‘ iced nm the ft ear ut. Ir se this are 
eceive However, the ge appears e ol magnitude 
4 great t wellir lone thus 
ret t the riBkRol ASTS 
probaDIly iris 
é present in connective t 
onnect tissue cells 
‘ + 
ind migrate fr surviving 
clears an onocytes. As fibroblasts move 
nto the area they appear bipolar, but late 
. hey put out processes in various directions 
te 0 | these processes fuse with those of neigh 
} ] ? 7 ] ricle 
Oring norovilasts Mucopolysaccharides are 
lel rows, between \V 
Shrunken 
le pe transy tive tissu 
ited te 
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ind several such sheets may be formed one 
direction in which the fibers gin to 


of each sheet are oriented is determined by the cornea limited to the epithelial 


on another Phe 


the tensions to which they are subjected these cells move in from the sides 
After fixation and ing, fibroblasts, as close the defect in as short a tin 
compared with mono¢ ytes 
ind clear outline. In the nucleus, the chroma by cell migration ; cell division plays 
ir mem Che same is true of closure of small 


1957 


is concentrated along the nucle 


brane and in one or two nucleoli. Whereas’ of the skin (Anderson 
the macrophage in inflammat tissue com 
monly contains Ils and ce VELL DIVISION 

phago Cell division 


epitheliun 


course, even ithe 


I'M en 
curs, ld Is must contin 
changes placed 


dge of the appears 


ippeal 
wound Here the initial 
thus forn 

vounds, 1 


rin 
perimental 


ng a Du 


ind then 
wice 


Also. cell din 
tion has 


wound, until 


uu know 


ive, lac k 


ire firmly 


he epithelium 


ing. Quoting trom a pet 
ibroblast te separ from Irving Leopold in Philadel 
itely. The mechanist f th omotion of “There are certain drugs whi 
this epithelial sheet depend on some influence on wound 
ameboid motion of ituent cells. In agents will interfere with 
order to migrate, epithelium requi a sub hese include antibiotics, local 


stratum of mesenchym« 


chyme remains intact the epithelium may be 


migrate at once. Thus in wounds of 


aless sharp hours. Closure here is accomplished solely 


if the mesen and steroids. There are many agents whi 


a 
— 
as SIX 
no part 
wound 
n replacing 
\} ‘ 
Osis 
7 t first to be depress 1 and in tl 
ge of gration there i\ I 
ileT especially i! rget 
nitoses become abundant. In ex 
wounds they have eel serve 
d _ as numerous as in resting sku 
irc of a circle Follow ng t 1] ng path ised with the osul t tl 
the endothelial cells meet othe lar cells WE all the cells hav en re] 
trave ng il il nm Ss not 
the endotheliur ru ort i Dut endotnelila 
elle is ind around bk it the lin Replace ent ne elle and ssues is 
ind the two fuse, for neg oop that complishec yy tw ITOCESS¢ migt 
s attached to capillaries at both ends. Gran ind cell proliferation. In wounds of the s 
ulation tissue eventu y tor nsisting ot he cells cmefiy concerns re fibre st 
1) newly formed capillary loops, (2) fibro vascular endotheliut ind epitheliu hes 
blast 3 leukocytes And ; \ types of cell have the property, o1 ippre 
ner is re stant ntection he their embrvonal ippearance they he 
ng in ny i ap} i 
iuse it contains many ononuclear phago come actively motile and undergo mitot 
vile \ndersot 1957 divisiot1 Anderson 195, 
‘ 
EPITHELIUM FACTORS INFLUENCING HEALI 
ittached to each other and on tN influence of various drugs on corneal hi 
nhia 
i\ maAave 
ng Many 
healing 
inesthetics 


probably interfere 


Almost any ointment 


with corneal regenet 


tent, with 


no agents which 


known to speed up on hx 


are reterences in the 


Chlorophyll for this put 


tisons 


conden 


able delaying efte¢ 


veal epithelium, in 1 


aqueous 


penicil 


solul 


lin 


ilthough there 
on the use of ferentiate between mutot 
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been tested matizing effect ( Thomas, 1955). One of the 


will interfer greatest inhibitors is cocaine 


to some ex Friedenwaid, Buschke and Moses made a 


[ know of study concerning the vitamin-A deficiency 
have been on the healing of corneal wounds, in thei 
experiments these authors attempted to dif 


activity, non 
mitotic cell movement and the beneficial ef 
fects of vitamin A on secondary infection 
in their eftorts to explain the differences of 


\ 


| by some 


opinion regarding the effects of vitamin 

) that had previously been expresse 
recently ex- authors. In experiments on rats it is found 
is a profound, though variable, 


sone Or | 


bill of inhibition of mitotic actin in 


the corneal 


in corneal  epitheliun 
nciency 
There is some discrepancy 


to the findings concerning the various anti 


Ta phenicol 


nycin, penicillin 


untibiotic in 


wqueous sol to inhibit 


healing pt vhen inco1 


in an 
Herrmann s have found 
hat there are 
these included 


loosening 


rneal epitheliun 


sulfat ine. Inorganic salts 


3000 1 pH had little effect on 
2500) corneal layers Che effect of detergent sub 
| 


CONESIV¢ 


stances suggests that the youndary 


includes a lipid component, and the action of 
1 conside enzymes indicates a protein component also 
of the cor 

vs concluded FACTORS STIMULATING CORNEAL HEALING 
sodium Low dosages of radiation from an unfil 


ty 


tered quartz mercury arc stimulated mitotx 


CORNEAL HEALIN( 
stromal pri erati 
tain of the amino acid 
Dut ng the past SIX r eight years some 
chang‘ has taken pl ice n etl 
vigorously t re 
ept in types of herpet aii | 
ealth fror retardatio1 cle 
healing 
\ tvpes of | with reterence 
tarding effect on cor ngand must be tp 
s portraved by e ot es which art yein, terramycu ichror 
presented rries nto t held of I ind so forth, on healing. It is our opimior 
neal hea ng not niy ft gical tand that all of thes lecrease and deter the heal 
wont. trau t ru t ornea. but ng of the ornea. It is been found that 
nfectious process Var1ous inesthetics imcorporated in oimtment 
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In studying th ti rious loca ertain metabolic poisons local anesthetics 
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activity, but larger doses seemed to inhibit 
it, according to the work of Buschke, Frie 
Moses 

studied the 


denwald and 
Schaeffer 


amino acids on the healing of experimental 


effect of certain 


corneal wounds using a mixture containing 
cystine, proline, asparagin and glutamine ; 
the pH of the preparation was 7.2. Complete 
regeneration of the corneal defect in the eyes 
treated with the acids occurred within 
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not complete for 55 to 


amino 
in control eyes, healing was 
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de Bet 


tested 


hours 
1951) 


individual amino acids as to 
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corneal wounds 


line and cys 


effect on the healing of 


Chey found that arginine, histi: 


teine applied locally increased the rate of re 
pair of superficial and deep corneal wounds 
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Asparagin, phenylalanine, glu 
] 


tamine, tryptophan and proline were less 


effective in promoting healing. These au 
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that 


teine, histidine, arginine 


phenylalamine. Hence they 
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the healing action of amino acids very prob 


ably depends on their effect on the oxidative 


processes 
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wounds of the cornea in rabbits. He showed 
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Deep corneal 
to heal 
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in the healing of 
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rimentatios 
= 
te using 
| 
cLIscusset 
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preparations. What effect 
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evious studies hav 

ire easily sub 

ation, and 


} 


e way to 


vith 


were burned 
one drop in 


inute 


ith distilled 


ight eyes. The 
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133 
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806 +0 
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+-() 
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hydroxide induced then irrigated with distilled \ 
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times daily until no 
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treated data 


ring 
healing changes could be noted 


ry 


in the tr eves 
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Is presc nted in Table 3 
burned las 
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2N 


S were ome lopical instillation 


nitric acid in the first exper! cent Cor icetate suspension 


nent, one inute. Both eves were then slightly more rapid healing of 


iwated with distilled water! for one minute induced corneal burns. although Sta 


ind 0.05 cc. of 1.5 percent Cortef acetate sus the difference between 


cted subconjunctivally into 


mye 
| he ke 


results of 


pension was is not significant 
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th 


the right eyes 


RIMI 
trols. The experiment aré 


Cone of IN sodiu 


drop 
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alter urs< 
t the 
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extent in the 


OMPARISON 
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was 
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thereby pre 
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three 
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ducing 
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times daily until no further change could be 


noted Table 
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NITH 
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+-0.133 
0 O87 
0.267 
0.000 
1.533 


0.466 


+ depicts the results of thi 


NTREATED I 


HNO 
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0.306 
0.207 
0.727 
0.000 

1.500 
0.439 


254 GUSTNA 
168 || 0.263 
716 _ — 0.750 
further 
ft eves 
f 1.5-per 
1.9 
shown in Table 2 EE) hydroxide solu 
Conciusions, Subconyjunct of 15 albine 
Cortef for one minute 
cantly f ndard burn. Both 
burns ¢ s. bina irrigated for two minutes 
treated and eyes thre: 
vith 2N nitris | for on Topical instillation of Cortef 
Hours after Average Scor Average 
r’ Treated Eye ‘ Difference 
4 
0.80 
72 1.113 0.80 
96 466 0.50 
120 4.467 1.00 
168 6.733 0.20 
216 6.133 0.70 
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burned 
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above 
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TABLE 3 
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267 


600 


933 
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33 


rABLI 
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nit day until further 
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change ie! 


followed and als were 


examined at intervals. Statistical 


inalysis of the data is presented in Table 


\nimal eves treated with Neo 


( 


heale« ind with 


produced residual arring and ularization 


h 2N nitri 
desc1 


hydrocorti 


aim 


than did similarly burned untreated 


NeoCortef 


eves 


ibed suspension was found to be of 


definite value in the treatment of nitric acn 


ht eves of the burns of the 
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ve 
24 18 +1.600 ?.903 0.02 
48 19 +2 .933 6.240 0.001 
72 19 + 3.200 3.828 0.01 
96 18 +3.762 3.762 0.01 
144 14 +2.534 1.721 0.10 
240 15 +3 867 ?.388 0.05 
Hours after Average Score 
Injury lreated Eye 
4 1) ?1 1.877 0.10 
18 20 . 86¢ »? » 997 0.01 
7) 1 400 2? » OO? 0.01 
96 733 71 3.045 0.01 
144 71.333 23 5.188 0.001 
192 24.600 6 3.490 0.01 
240 ROC 25 2.953 0.02 
CEN 0! col | ILLOWING 
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Hours after \verage 5S re Average Score \verage 
ry Treated | Control Eve Difference 
11.866 13.266 +1.400 +. 608 0.01 
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16 ( 12.200 +6 134 710 0.001 
4 increase healing rate, or reduce final scat 
ring and pared witl 
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to the technique 
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24 25.000 2 0.514 0.60 
18 23.866 2 +0 .534 1.312 0.20 
72 22 .666 2 0.200 0.386 0.70 
96 +1.667 3.157 0.01 
144 +) 2.691 0 0? 
168 +] 1.000 0.40 
19? | 1.403 20 
EXPERIMENT VI castor oil failed to drug’s ant 
n 15 | of the cornea healed 
at sate, arlll with the same degree 
watet of scarring when treated with NeoCortet 
aster oil suspens 1 ac wntre ed « eS 
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times a day 1 
EXPERIMENT VIII 
resuits are presented in Labi 6 
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\ once daily unt nealing was ete | 
15 rats with sodium hydrox nclusior Rat eves burned w 2N 
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XPERIMENT |X 
1s [7M controls. The results of th 
experiment are shown 1n Table 10 
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R 
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I Treated Eye ( trol Eve 
4 16 523 0.90 
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+ 3.000 
+1.800 
+0. 266 
367 
+0 .400 
+-(). 429 
+0. 500 


1? 
NTREATED LEI 


IN HNO 


WITH 
WITH 


EY! 
EYE 


\verage 
Difference 


1.200 
+0.400 
+0. 800 
+0. 666 

0.134 

0.467 

0.134 


irrigated with distilled water for on 
H vdeltras« 
right eyes three times a day 
Che 
lowed as untreated controls. The 
lable 12 


Rat 


instilled 


Into 


until no further 


was noted left were fo 


change eves 


resu 


shown 1n 


ions eves burned 


tre ited with topical H ydeltr 


at the same rate and with about t 


arring and vascu 


same amount of final s 


larization lid similarly burned, untreated 


is ¢ 


eves 


| t P 
24.467 0.258 0.80 
23.800 0.022 0.90 
72 24.267 0.372 0.70 
96 25.267 + 0.320 0.70 
24.333 4 1.183 0.30 
23.533 4 1.864 0.10 
22.667 1.749 0.20 
| 
Hours after \verage Score 
Injury lreated Eve 
600 5.122 0.001 
18 800 205 0.001 
72 000 1.330 0.30 
06 14 166 1.663 
144 000 2.220 0.05 
192 071 670 0.0 
40) 4.429 4.110 0.01 
| 
COMPARISON OF “HYD! RASOL EYE FOLLOWIN¢ 
Injur lreate = 
4 » 266 0 05 
1.079 0.30 
72 17 > 344 0 OS 
96 1.456 0.20 
144 9 666 0.49? 0.70 
192 5.867 1.605 0.20 
40 » O67 1.933 0.453 0.70 
\ of the results of this experiment art minute 
hown in Table 11 me tlh 
Conclusions. Rat eyes burned wm 
sodium hydroxide, and treated 
nisolone 21 phosphate healed 277777 Its are 
rate ind with the Sarr mount 
und 1 as did similarly Conch: with nitric 
healed |<: 
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A series of experiments was conducted to 


determine the effectiveness of certain top 


suber myunctivally 


the 


cally and administered 


corticosteroids in management of re 


presentative acid and alkali burns of the rat 


cornea. Cortisone and prednisolone 21 phos 


phate failed to alter the course of sodium 
I 


hydroxide and nitric bur f rat 


cornea. Hydrocortisone was found to be 


beneficial in nitric 


significantly acid burns, 


ing boy 


The worl bovine 


issues to redu intigenicit that they 


ous gratts 


ind spec ifically 
ind Cal 


osseous 


mans suggested 
bovine 
duce 
reaction on 
Successful direct he 


rabbits have been 


Ormsby Kamata 
transplant of chick cor 
r preserving the 


serum for three days prior to transplantation 

It was the purpose of 

rmine whether or 
ine eyes in bovin 

allergic response 


planted tissu 


INJURY 


‘ARY 


~ 


OF CORNEA 


when administered topically. Subconjunctival 


injections of hydrocortisone neither in 
amount 


Al 


exper 


creased healing rate nor reduced the 


of final scarring and vascularization 
series of 


the 


though the scope of this 


ments is rather results would 


tend to 


narrow, 


indicate that the anti-inflammatory 


action of corticosteroids at the tissue level 


is not marked in certain chemically induced 


corme al le sions 
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TRANSPLANTS IN 


REPORT 
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YAES 


Mi 


donot 


rHODS MATERIALS 
consisted of bovine 

N itional 

Houston, 


Calves one to three months old 


fetal corneas obtaine tne 


Bone & Ti 


| aborat« Ties, Ine 
weigh 
ing approximately 100 to 250 pounds were 


| he 


conditions in a sterile 


used eyes wert removed aseptic 


operating room upon 


pening the amniotic s: lhe eyes were then 
heterologous trans 


100 


ther used directly 


percent 
percent 
plasma 


glycerine-plasma_ mixt had been added 
penicillin and streptomycin 
Che 


2.5 to 


Ihe I 


hy} \A mo 
hosts rabbits \ eighing 


were 
kg 


abbits were anesthetized with intra 


peritoneal nembutal. Pontocaine was dropped 


on the eyes and Xylocaine injected into the 
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HETEROLOGOUS CORNEAL RABBITS 
\ PRELIM I 
H. |). 
iS | (,IRARI \l 1) 
Joustos ] ra 
= 
he 
might be used in human heterologa7=7_7_[7™—! 
tilaginous transplants in hu 
a lea that culturing fetal 
terologous transplants 
report vy Basu and planting or stored in « 
report 1 successful plasma or a 25 percent gl 
rnea int ibbit cornea plasma mixture at 40°! 
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rABLE 1 
RESULTS IN GROUP 1 


Rabbit Code N« ndothelium 
1A 
5B 
6B 
OB 
10B 
11B 


of both eyes 


sutures 
\ small 
ion was then 


perpendicu 


spatula lat pockets 
opene: illy and temporally extend 


cori 


stroma stroma 
1+ 
1+ 
$4 
$4 
Supe at least tw to thre« months 
nsel Initially, suture was used to close t 
ncis corneal incision; however t was found 
ornea Qlar to a line joining the _ that the suture itself caused reaction, vascu 
ear to tne nose Holding th edge ot the lar ingrowt to the suture nd pre spos 
ncision with a forceps and using an Irs tion to central corneal ulceratior 
ng to the limbus. Then fetal bovine eammeal iscular ingrowth and dens ucoma at the 
tissues, measuring 2.0 by 2 by 5.0 mm site of tissue 
vere deposited in these pockets at the limbus 
by one bovine cornea epitheliu ind Res 
trons vere ni 1] = the 
were placed Sally ne rignt eye, 
tvpes ot trancnlants vere 
ndothelium and stroma t porally in the <x 
ght eye, and two pteces stroma the 
1 ire tabulated in Labies |, 2, and o 
wove dimensions nasally and temporally 
‘ pectively n the left ey Once in place 1 
GROUP | 
the bovine tissue did not migrate from the 
rea in which it was deposited X Calf ey n 1] ‘ 
he grafts were observed daily for thre ur corneas ‘ ™ 
+1 orneas tine ont nec i he 
days and Neosporin drops instilled daily 
luring this period. The grafts were then maXimu ta & 
, , s at 10-14 davs 
served every other day unt maximut! was at 10-1 lay 
reaction occurre¢ en weekly till enucilea 
tion in eves Showing al ergic response, 
bservation was continued until clearing be Seven calf eves cultured at 40°! n 100 
gan to occur. In eyes sl ng no reaction percent bovine plasma and transplanted aft 
rABLE 2 
RESULTS IN GROUP 2 
E pitheliun Endotheli la Stroma 
Code N ( ture Reac 
7A td 34 34 1 mo 
3A 1 wh 0 0 0 0 None 
SA l wk 3+ 1+ 1+ 0 1 me 
4A » wk 2+ 0 0 0 ? wk 
SA > wk 0 0 0 0 None 
8B mo 34 1-+ 1 mo 
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rABLE 3 


RESULTS IN GROUP 3 


Rabbit n lime of Maxi 
pithelium Endothelium Stroma Stroma la 
Code No iltus mum Reaction 


le reaction might be delayed to as long as 


1 
montn 
vo weeks 


f culture in 100 percent 


in 25 percent gly 


eaction to the 


ning 


ossly clea 


issues were placed at 


Wi 


stron 


at 
nt glycerine 


than in the 100 pe! 
f culturing 


and two weeks or 1oO1 t cultur 
percent pla 


edematous 


percen 


hypothesis l 
ilf eves in 


lycerine 


stituents of the 


calf “a and that the 


alterations are of nature that the 


3B 3 da 0 0 0 0 None 

iB 3 da 1+ 1+ 1+ 2} wk 

1B 1 wh 34 ? wk 

7B 1 mm 4 0 0 0 2 wk 
ulturing for various | e (tw eee 
cases 

(al PO 
erine, there was no rH. crafts at 

e fetal calf eyes 129 | ll, the rabbit corneas rema__—_/ 
il two transp nted t three d 1 

1° | ins] ‘ ‘aYS, the limbus 
‘ An Ip Was mace correiate the 

LD Ie ength of time the calf eves were cultured 

: 
) ~ | 4 
with loss of antigenicity of the bovine cornea 

}? +} +1 41 ‘ 

By the ethod cde vas possibl However, no further significant decrease of 
to compare the react I t to epithe ntigenicity was tound itte! three days oT 
ur endotheliu separately ilture. Further studies on grafts from bo 
ihe results show I ne eyes preserved over a longer period of 
reaction to the het g terial occurs time are in progress 

Cat s 2 in to Ni S1g1 ical ifference was found be 
either endothelium o1 \ reaction t tween 100 percent plas a media and 25 pet 
( n riyvcerine-, percen Viasma media 
yut the legree of re f ess than or fectiveness on reduction of antigenicity ot 
equal t the reactio1 I 1 I tne tne ilf n iterial However initial mucré 
Same rabbit ne g the ull scope sections of lonot alf corneas fre 
therefor ncited ar rg sponse in the vealed better preservation of sama tissu 
host more frequently edly than hitecture in the 25 perce -7 
tissue tro the rest t fetal be nm percent plasma mixture 
cornea ent plasma atter three 

Comparing the react to the cultured \fter one 
corneal tissue (;roups 2 1 with the ng in 100 a 
illergic response to corn tissue not pre became SEM and its thicknes in- 
served, the overa eg of reaction was’ creased from a mammal 1.0 mm. up to two to 
ess and the t ot onset of the allergic re three mm. in thickness. This did not occur 
action t ed to Db ore delayed 1n tissues the 2) pum glycerine xture 
cuitured in 100 percent lasma or i Phe set forth that pre 

| 
1 25 percent glycerine > percent DOVII serving . bovine plasma or a 
plas i hie ( ons¢ xXture oO ind ne plasma al 
ot ti illerg response tt 1 bits beat lows time for alteration of the protein con 
days. After culturing, the time of onset of 4] 
la g 
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is a reduction of antigenicity of the tissues, intensity and degree of the allergic respo 


allowing more successful heterologous trans of the host to the heterologous materi 
plants. Such an hypothesis might conceivably 925 Mix Professional Buildin 
be applied to homologs us is well as to Department f Ophthalm 


hete rologous rratt 


M MARY 


fetal calf 

ulturing the 

100 percent pl. a or 1 25 pet 
glycerine-75 percent plasma mixturé 


r to transplanting the tissues reduces the 
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not unusal when ng a preparation to 


the orientation of the receptors disturbed 
1). While these disturban ire usually 
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ittri 


ons associated 
with p ing t ( the author asks Further, 
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RECEPTOR AMBLYOPIA 
Jay M. Enocu, Pu.D 
ni VJ 
ask the question, what are the a phenomenon Is Show 1 Figure 2, w 
sual functions when the ort isa oT iph taken with an electro 
the retinal re eptors, or their CTOSCO] show ng the outer rod seg ents I 
are disturbed? Ordinarily we an adult mouse. Magnification is 11,400 
and Dalton’s fixative was employed. If on 
studies the transverse lamellar structur see! 
in these outer rod segments, one notes 
set one of the rods that this oriented structurs 
fig is grossly disturbed. Disturbance of this 
— 
ire 
ee it has been shown by Dento1 
top | ent | i ‘ ules sual 
ud 
ee in these transverse lamel 

ire ilso oriented nterest 

vith bleaching, the orientatio1 

these molecules change t 
ngton University School of Me ne. The experi 
ment phases tive vot n this paper 
were cor plete while the was issociate iw t express 1 ppre t \ 
with the Ohio State Universit ul that work w _ohet f the Department t A t \\ 
supported by a N Science | ition Grant University S M f ‘ ‘ . 
Number G 3877 present this figure 
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hus, it 1s possible to conceive of a dis 


turbance in the alignment of retinal recep 


tors, or in the orientation of the internal 
structures, or photopigment molecules of the 


\ method 


orientation fac 


individual receptors exists for 


studying the tors in vivo in 


humans if visual fixation of the eye is as 


sured. In 1933 Stiles and Crawford discov 


ered that light entering di 


did not 


fferent parts of the 


pupil of the eye give rise to equal 


retinal that is, it was found that 


response, 


tina was differentially directionally 


For such a phenomenon to 
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occur, two conditions are necessary 
First, 


some component or components 
must be differentially directionally sensitive, 
and second, these components must be 
aligned with some degree of uniformity 

By studying directional sensitivity patterns 
it is possible to obtain insight into the state 
of organization and orientation of that which 
The Stiles-Crawford 


largely associated with retinal cone vision, 


is aligned effect is 


but in one case, reported by Flamant and 


Stiles, where the peripheral retina was 


interpreted as being tilted by the authors, a 


in 
\\ 


“iH, 
4 

\ 


MICcroscope slide. One 


f Chicago Press, fron 


20. 
he 
Wilh, Reb 
C 4 6 . 
2 A 
Y 
70 70 10=- 
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change in directional sensitivity in rods was 


noted. Ordinarily however, one may mak« 


use of the fact that rods show virtually no 
change in directional sensitivity, for light 


entering different parts of the pupillary 
aperture, to aid in separating retinal rod and 
cone function. A typical normal foveal dit 


ectional sensitivity pattern is shown in 


Figure 3. Relative sensitivity is plotted as 
a function of angle of incidence of light at 
the retina. The direction of maximum sen 
sitivity for this subject varies slightly from 
the center of the entrance pupil. The magni 
tude of the effect is ordinarily slightly less 
The 


a figure of revolu 


than one logarithmic unit. function 
should be thought of as 
tion in order to consider all meridians in the 
pupil. 

lf the alignment of the oriented compo 


nents is disturbed, certain things may be 
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if the direction of 


thes« 


expected to occur First, 


maximum sensitivity of ponents 


is such that they are not directed at the center 
of the entrance pupil, less light will be ab 


That is 


Figure 3 as 


sorbed by these rece ptors. one may 


think of the pattern shown 1 
being tilted more on its side. It is well known 
that acuity is dependent upon the amount of 
the nature of 


light absorbed.® Because of 


this function at higher levels of luminance 


it 1S theoretically possible to isolate that part 
of visual loss contributed by this fact 

Secondly, under certain specified stimulus 
conditions one would anticipate that these 


receptors, with their directionally oriented 


components aligned as in the first instance, 


would absorb greater amounts of stray 


light.“ Stray light acts to reduce constrast, 
which, in turn, affects acuity 


These two types of disturbance may be 


iy 
\ 
, P 
nox ) Retu ter egments the lislt se Note the listurbed the 
ecentntr init rte ‘ Depart: ent Anator \\ashinetor ar ere 
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tion, 
component 
rbed (as in 
s contrasted 
itself. Of 

lls would have 
be impaired 


cells 1s 


ceptor 
plus two 


dered 


of light 


ITst, 


retina, it 
receptors 
be stimulated if receptors wer 


uligned parallel to the dent light, than 


in ingle to 


AMBLYOPIA 265 
1). 
obviously to reduce the retinal 
other the 


( fig The effect is 


the incident energy 
“orain.” In 
words, resolution of a receptor 
system is dependent upon the area (or angle) 
covered (subtended ) by each of the individ 
ual elements. Oblique incidence or oblique 
orientation therefore precludes fine resolu 
tion. It also follows that if all fibers were 
tilted, 


function of the meridian tested. Campbell* 


uniformly acuity would vary as a 

has recently shown that for oblique incidence 

of light at the retina in a normal eye, visual 

icuity drops by a factor of eight times (for 
20/20 to 20/160) 


‘ xample, as the test beam 


the 


This loss in acuity is mani 


moves from the center to the edge of 
entrance pupil 
fested for a grid target oriented perpendicu 
lar to the direction of beam movement 

\ second consideration was revealed as 
model 
retinal receptors studied at microwave fre 
(hg 
only of the ellipsoid portion of the receptor 
cells 


center lines) of the models were parallel, 


art of a recent investigation* of 


quencies.* The models employed +) were 


In brief, it was found that if the axes 


that is, 2 0°, there was little interaction be 
for 


angles of incidence of energy 


virtually all 
The 


relative to 


tween receptor elements 


ixes of 


were rotated the 


the receptors 
optic of the microwave system, and 


placed at various positions and planes in 


} 
ed 


a 
ontract betwee Scientifi 
Research 
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Research 1 tl ot University 
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(603) 


4 (Enoch) 


experiment: at gvemenit 


Illustration sl nature 


Wave 


° 
lize 5.0 
1.046 
() 
() 
©) 
0 
that is the orientation tf some 
witl t he 1] i\ 
energy 
might 
t the in the 
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segments of neighboring receptors come int 
dependence 


r imtegri if close relationship with each other, the energy 


( 


within the receptors interacts to a co 
able degree causing a loss in the inte 
the individual light paths and hence 
tional receptor resolution. The causes of this findins 


yr are 


However, if 2 w complex. This then is another mechanist 


interaction between elen reased (note giving rise to reduced visua 


maximum is equal t interaction close or actual contact of neighboring ellip 
greatest when when the soids o 
surfaces were p 1] 


r outer segments. These int 


occur, the phenomena are also known as 
surfaces did not ha ‘ 


| rather total reflection Recent work 
merely contiguous to each ¢« r. If separated fiber optics tends to support 


by one or two wav or less, this ings 
effect was noted. Interactions up to about Thus, at least four mechanisms 
gested which will 


1.0 log unit were found 


tend to reduce acuity if 
In other words if the ellipsoids or outer that which is oriented in the 
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by plotting the 
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instance 

If pl 

in a point source 
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the cornea, rays 1 to form a 


point object 


theoretical point in 
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Co 
Age Eve rected Netractiol 
ject 
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O.D. 20/25 —1.25=—0.25% 105 San 
F.H 35 
OS 20/15 1.50 0 
O.D 20/60 7? OO 0 Ge \ \ 
D.S 11 
OS 0.50 0 0 0 
O.D. 20/60 S=—O.75X17S sitivity 5.00°L 2.00°D 
10 
OS 20/20 0 Norma 1.25°] 1.25°1 
trance Pup 50° change ingle of 
turbed. On the } ft lote one 1 ' 
turbed nm the aS1S Ol ita one ay Ol ne etina é ‘ opi 
Che more peripheral the 1 triking the 
eye nore pe pie iy Yin 
ornea, the more the retracted ray stril ng 
the retina departs fro normality te the 
cal causes would be expects t . irtace In testi g for the Stiles-Crawford 
customary directional sens t tect, one in effe samples across a plane 
regards form or orientatiot me ive incHl at the cornea and measures by 
sider such individuals as nifes occurring in th 
. tor amblyopia data below are ex 
. 
s of the radial distance ot 
\ 
ea MM of the test beam in the entrance 
data presented DeELOV Wit tne 
ception of patient P. B e been presented 
: : . nto angie of incidence it the retu i ng. 3) 
1 
in a more comptete ror elsewhere 
n terms of the simple relationship given 1n 
Stiles-U raw tort type ¢ i \ obdtainet 
] 
using iny Of severa mutu y Satistactory 
S Phree types ot lal ire obptainabDit Trot 
methods, in the three cases whost lata > 
: the functions observed in Figures 5 to 13 
S ] Direction sensiti tv tTunctions oft the 
threshold (AB was determined by a! 
ascending method of limits." in the cast vA 20K 
seen in Figure 14, a bipartite feld was — . 
matched in luminance by a method of ad 
justment In that nstal re i 
, 
tivity 1S plotted It will be ret I heore? 
ivity I i\ etermimed 
verse of threshold al : 
the methe ised in this 
p's 3 4 5 DOWN 
st e from cente ent pur mm 
Wave iviny is ts 
iving a 
Fig. 14 Directi | sensitivit 
f subject P. I mpare wit theoret lis 
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central fovea. From these one may deduce 
information as regards organization and ori 
entation of that which is oriented 

2. Comparative sensitivity of the two eyes 
It was in order to obtain these types of data 
that a contrast threshold (AB) technique 
was employed. Properly one should integrate 
the functions for a given pupil size in order 
to obtain this information. A first estimate 1s 
derivable by comparing AB values in the 
two eves at! 0 

3. Comparative sensitivity of the two ret 
inae. These types of data are obtained by 
comparing A B values at r (maximum sensi 
tivity ) two eves. If these A B values 
ire not equal, no statement may be made on 
the basis of this technique as to where the 
loss in sensitivity has occurred in the total 
pathway. 

[he hypothesis state bove was first 
tested on a group of individuals who had one 
normal eye, and one ambl ic eve. In order 
to avoid problems of faulty fixation, maxi 
20/60. All 


patients had good central monocular fixa 


mal visual loss considered 


tion in both eyes, and no evident pathology. 
Six individuals were tested. These tests 
required a minimum of twenty hours of the 
patient’s time in addition to the routine re 
techniques and t for fixation 
Patients were compensated i art Ibvi 
ously this cannot be considered as a tech 
nique for routine clinical testing at this time 
In the amblyopic eye of the six individuals 
tested, two manifested simple tilt of that 
which is oriented, two manifested general 
malorientation, one manifested simple tilt 
plus generally reduced sensitivity, and one 
exhibited no significant change in either di 


rectional sensifivitv OT il Sensitivity 


SIMPLE TIl ) I WH iH ORIENTED 


This is characterized by a significant shift 
in the direction of maximum sensitivity 
from the center of the entrance pupil. The 
amblyopi eye 1s less sensitive to light than 
the normal eye (comparison of AB values 


at! 0), and the sensitivity of the two ret 
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inas is approximately the same (compari 

of 4B values at r (maximum sensitivi 
An example of this type of : 

is seen in Figures 5, 6, and 7 

‘vertical”’ applies only to the 

since there seemed little point 

the vertical functions in norn 

ever, the direction of maxim 

the vertical meridian (measure 

point of maximum sensitivity 

zontal meridian) is shown in 

ject F. H., a highly trained 

menter, had noticed his visual 

right eve (20/15 to 20/25 

dropping during the last fe 
One may raise a stion 
tilt necessary for loss 

are several approaches to 


statistical approach has been discusse: 


where."* technique of 
vides ; 1 method 


the 


(sSENERAL MAI 


IS ORIENTI 
General 


a general flattening (cau 


in the nature) of the di 


pattern 
n groups of recept 
manners.’* AB at 1 
two eyes, AB att 
ity) would be expected 1 
in the amblyopic eye 

Subiect (figs. ¥ 
fests this type of condition. Thi 
presented himself with 20/200 
amblyopic eye. Routine 
had increased his visual 
that eye, but no further improve 
be obtained, It was at this point that 
tient was seen. This patient tence 
press this amblyopic eye during 
testing, and manifested 
fixation of 2+ B.O. during 
tion. During monocular 
no suppression 


of fixation 


— 
the 
hic 
cre 
tluating al 
least one aspect of Mb visual loss 
| 
sensitivity 
pa 
noculat 
Was 
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REDUCED SENSITIVITY INDE! fested 20/60 visual acuity. Since as a labora 


ENTATION CHANGES tory technician she did routine colorimetric 


This condition is characterized by norma! determinations, she could be considered at 


orientation of 1 vhich is oriented. How least a partially trained subject. There was 

problem concerning the stability, or the 

er than that inthe Cemtral nature of her fixation. She did ex 

hibit some metamorphopsia. Figure 14 rep 

However determination of her central retinal 

eS directional sensitivity pattern. This pattern 

the general malorientation category 

described above. A typical normal pattern is 

superimposed for purposes of comparison 

It should be en phasized that data of these 

types may be obtained from any point in the 


retina. The central region, hoy 


certain obvious experin 


Before these te il clin 


al value, it will be necessary to 1 means 
ind methods to simpli the nece 


itus, and to reduce 


be 


noted 


below 


Locus of Retinopathy 
Edema 
Macula 


Direction of sweep of test 
beam across entrance pupil 
\ 


shows the nat 


in tested \t 


ects. In the se of W_A Batt Omers 
max cencit fy ter in his at 
blvopic eve thar n } il eve 
\_LINICAI INSTR MENT 
As was noted suprect with 
sual acuity in his ar ve of 20/4 a 
laptatior held during t ng ot the intiy The device described below is con 
\ pi eve na | nrinwously lered a first step ntnis n This 
n ordet maintatt é s presente strument will be suggest irgely or a 
It is obvious that w t f thor 1s seek tend to limit its accuracy te a certain degre 
tatively possible te ee types of nstitutior or detailed study. However he 
would seem to be re rigin. Fur ; 
ther smblvopias exist nticipated ) 
| pi 
cannot be classitf technique 
Viuch further study oO validate 
these findings, a1 xtet e etiolog No 
reakdadow! 
| te 1¢ nsiderabtk 
Dp ition to patholog ses. A pre 
liminary venture in tl tion is shown 
14 ee 7 nt P > 
1 gures i4 I I I B ex — 
hibited central serous retinopathy. Figure 15 
of the he m Fig. 15 (Enoch). Schematic ng th 
+} 1 
g I 
swee] ross the entrance pupil of the eye of sul 
erring t patient t Figure 14 
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INTERFERENCE FILTER—— 
COLLIMATING LENS (LI)— 


SOURCE — 


LENS 


scribed below recommends wr clinical trance pupil. The 


studies must be crowded 


\ Stiles-Crawford apparatus m. re Suc Che order of these elen 
cessfully designed if one utilizes the features with the exception of 
of a cylindrical lens. The device need have + \ variable polaroid is 
only one lens instead of the two described illow matching of brightness at 
below if one does not have a desire to use tings of aperture A Ape rture 
interference filters in order to produce mon illuminates »f the line in 
ochromatic light. That is, the collimating ntran pupil of the « 
lens (L1 in Figure 16) n » combined mination of the Stiles-Crawford efte 
with the plane cylinder 2) a sphero > limits the extent of 


cylindrical lens neridian, and allows sel 


Figure 16 is a schematic drawing of the 


instrument. An aperture vering a un Note that fixed polaroids 


formly illuminated piece of ground glass acts \ or aperture 
allow 


as the light source. It is suggested that the 


aperture subtend about one half degree vis 


ual angle at the eye 


by achromati lens im made plane 
} 


tially monochromatic | in interfer pla 
Phe S¢ 


It is necessary to 1 k rem ; from 
the instrument rotateable about Figure 17-A and 
ixis in order to allow testing better picture of the inne! 
dian at the eye. This is indicated t arg strument works. From Figur 
cylindireal figure surrounding * rem see the manner in which the 


ing elements. A plano-cylindrical 2), trance pupil is formed. This im: 


for example, 1OD., is en foc a line perpendicular to th plane of the 


the beam in the entrance pupil Of the eye In Figure 17-B it is seen that aperture A 
For clinical purpose® a figure of three milli lows only parts of that line image to pass 


meters to the rear of the apex of the front From Figure 17-A one notes that aperture B 


surface of the cornea may be used as en limits the extent of the field (bar imag 


270 
qe 
A) 
1 at pr T 
AA 
a ° eo” 
4 
PLANO CYLINDER(L2)— CORRECTING 
Fig. 16 (Enoch). Sche t wing of the prototype cli Stiles-Craw { { 
eee as close as possible to L2 
ctively 
n the 
i] held 
ection of th 
ee retinal irea to be tested peripheral o1 cel 
] | ] len 
yilnat Tial enses i\ 
ced s the last element I the syste 
iTé il ened with the 1 xis YU legrees 
les a somewhat 
in which the i1 
17 \ on Cal 
| ige ll the en 


RECEPTOR 


retina). For central retinal testing a one de 


gree extent is suggested. For parafoveal and 
ly laterally dis 
the 


fixation point Ob 


peripheral testing, one 
places the aperture i while at 
same time providing 
other 


17-B 


notes tha f 


viously any number of arrangements 


be I] vcle | 
it aperture \ 


may n | igure if one looks 


one uur (or any 


number of ) ire allowed to 
Apertures | 


n centration ¢ 


| wuble 


pass designed to aid 
entrance 

pupil iy be cut 
interference 
retinal plane 
in fore 


is, if 


in the en 


t exactly 


ror the 
the retinal 
s will disap 
ly positioned 
ith lateral 
ay shown 


fore 


lated pupil, « 


AMBLYOPIA 
tical or horizontal movement of the entrance 
pupil. 

In the arrangement shown (central test 


ing, Figure 18) beam 3 is centered on axis 
and is oppositely polarized from the probing 
beam number 2. Beams 2 and 3 act in a man 
ner similar to a Scheiner’s double aperture 
disc. Lens L3 is used to vary the separations 
of, 
experimenter. With lateral movement of ap 
16), 


or move these images at the will of the 


erture A (Figure beam is swept 


across one half of the entrance pupil ena 
Stiles-Crawford 


of 


bling measurement of the 
effect 


beams 2 and 3 may be kept constant on the 


lhe separation of the two images 
retina by varying lens L3, hence overcoming 
the of of 
spherical aberration. 


pl: 


For peripheral or parafoveal testing an ar 


effects of errors refraction and 


This causes some dis- 


icement of beam two in the entrance pupil 


rangement such as is shown under “‘parafo 


veal testing” in Figure 18 is recommended 


it would be necessary to invert aperture A 
midway through the examination in order to 
obtain a con ple te set of data W hile for cen 


tral testing any meridian may be studied, pe 


| to the 


ripheral is limited meridian 


testing 


oriented perpendicular to the radial direction 
per] 


f displacement. For screening, the direction 


tter designations 


axis of 
the 


ig¢ 


lens 


> 


ind aft positioning of the 7 
trance pupil, the two beams will noi! 
setup shown) one or the other 
hoth will lisappeat tog eT 
n Figure 18 w irify this point. lf il 
] | ry 
1 | \ 
+ te 
LI L2 P APAAPB L3 EP EYE 
\ 
| 
Fig. 17 ). R t the Stiles-C1 rd apparatus. The le 
rrespond to the list eles | e 16. EP entrance pupil, R retina A) The a 
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ENTRANCE PUPIL 


CENTRAL TESTING 


TESTING 


PARA-FOVEAL 


SCREENING 


TEST FIELDS © 
APERTURE A CENTRATION FIELDS @® 
APERTURE B FIXATION POINT* (NOT PROJECTED) 


naximum sensitr for central visi: slightly 
using ar ment is th 
gement shown under screening (cen the sensitivity 
Here the polaroids may sensitivity of the 
aperture B, and a match ts sensitivity of the 


} 


UCT 


made by moving aperture A laterally until ily in any nu 


the two fields appear equal. The direction of — patients must have good central fixation 


laximum sensitivity would the bisector be held rigi 


Obviously any number irrangements may Stiles-Crawfor 
be introduced enon largely independent 
It is apparent that the same device, with control of this factor, on 
manipulation of apertures A and B and fil critical except 
rs, may be used to measure spherical and 


chromatic aberration, and to determine the 

ichromatic axis of the eye. Because the ap 

ertures (aperture plate B) which limit the bviously 

ends of the field are not imaged at the retina, a program ot re iny phases need 
somewhat blurred imagery should result at further investig: It is hoped much bast 
those points. In order to produce a bipartite information n lerived concerning ret 
field for testing some blur is tolerated inal mechamist | 


the pattern. This influen measurements cedures will 
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APERTURES RETINA 
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| 
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— 
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+ 
Fig. 18 Enoch). Sample pertures to be used im various testing tuat s. The toy nd t ‘ 
ran e eve or the comparative 
tral retina Phe formet 
he pe mav be measured read 
during testing. Since th 
ihed test 
let | mahise hetter 


RECEPTOR 


classification of 


ind more accu 
rate prognosis in cases of reduced vi 
\ theory has been 


veloped 


sion 
d relating pos 
sible disturbances in retinal receptor, and re 
ceptor component orienta to visual func 
tion. It was predicted tha 


would lead to aml 


ch disturbances 
] 

yoy 

ases 


tested 
with an 


epto! 


blyopic eyes was found that 
I entation urpec 
es of amblyopia using 


two are 


REFERED 


AMBLYOPIA 


probably receptor in origin 


Che techniques 
employed were applied to one case with cen 


tral serous retinopathy. This individual was 
| 


also found to manifest disturbed 


required test time is a 


ajor problem, a prototype simplified clini 
al or screening 


scribed which, it 


recepto! 
orientation 


Sine 


instrument 


felt, will 


1ore rapid screening and testin 


has be en 


de 
nake possible 


Is 


patients 


he techniques employ vhich — 640 South Kingshighway (10 
1. Denton, ] A met erving the roism of the visual rods. J. P 124: 16-17, 
é the rods of salar ral 124 
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otiles ! he mi s ¢ the eve pul t tter 
ent points. Proc. Roy. S . 112:428-450 (Mar.) 1933 
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Stile S nter e eve te? 
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Disc SSION 
| iN (lowa Cit ne | t Dr. ] 
Dt “ e tound w t e interpreted to he ple tilt 
l 
t greatest interest to ev te n ret gener t lorientatior ot \ ells in the 
elves with the s ‘ t < anops ! ‘ e occlusion of the fixating eve improved the 
tral amb! n of the ar I eve trot + 0/60 
phenomenot estior ere t t ughts. One ts that in these patient 
to W t extent tif ng « ne lens or tion to the rt orientatior t the sensor f the 
argee ngle } infl easurement etina, another tor 1 st he perative in lu 
ybtained Dr. Eno I ring ng the ambl Opia, tor instance me 


TAY M 


pression or inhibition, 
that the occlusion of 


pe assumed 


e resulted in 


a 
reorientation 


ot the amblvo 
pic ¢ 


tensive attempts visual 
amblyopi uccesstul 
the acuity 


uppers 


terester 


was 
opia and 
inal 
hxatior 
ch’s work 
concept 
blyopia. The 


orrentation 


eningitis het 
opportunity 


1 number of 


not affecti 


FLASHES AND OI! 
HUMAN 


de from 


ind techni 


274 Mm. ENOCH 
since it nnot pal nomena as the ones which Dr. Eno« escribe 
tor us 
I have just one question to isk Dr. ] It was 
not clear to me why Dr. Enoch felt that in s last 
The other thought is this: In the past I have as case in which the patient had to blink t restore 
sumed, as have others, that in patients in whom in the brightness of the adapting field, the seat of the 
acuity lesion was central to the re eptors 
| in in I wish again to congratulate Dr. En 1 5 
certall excellent presentatior he ititul piece 
evel, we were faced with an ar lyopia of pathe De. ENocH closing ) I certan “A t to ft 1 
logic origin, even t gh we were unable to discover r. Burian tor s ku remarks. I s I 
iny fundus anomalies witl the phthal: answer the est ns raise est | 
Ever since the work of Bangerter and Cigggmms be Any factor w ‘ ntroducs juit 
came known, a number ! friends intameaeed 1 idence of the light r of the re ‘ ait 
the amblyopia probler ive pointed out to me that P ther) s result in the findings des ‘ 
: ng as a patholog strabismi bove to some degree 
t 1 s ption was simpl There is | t that the 
tv t liag se small degrees ot DS neicte re t ne one 
may be said of s t+RWV This is ¥ 
pat strabism1 ul I it r t we pre ‘ 
rises thet nama ning re 7 Hon ¢ the cr 
the ret ele! ur Suc needs e patient \\ here 
Dr. Enoch believes t e pres¢ M ears ag ire — 
stimulated by a se of what we ther ulled pac f to guide r resear 
orrhag the eve w | of first stey Ww 
stud st examined lt tine t su t st 
f newbort en ophtha rightnes that t 
moscopically and wv tru the trequency wi t respor 
which retinal her rr ge ther large at receptors edge 
umerous ones were see! ntants ] ese lapt rie er ectore 
emorrhages disappear wit t leaving trace | t el ncentrat | thet ‘ est 
nd had 1 ppre e effect on the t f the plet this series s 
eves. It is quite conceivable that s ‘ rrhages $ nor efine er 
the occurred t the 1 te the eve on ‘ ‘ efect vw ‘ 
while the eye gros ght produce transmis ste t er 
usarrangement the rientat I e sensor | terms t tests pet rm 
STIMULI ON THI RETINOGRAM* 
HeRMA? M. Burtan, M.D., ano Bruce E. Spivey, B.A 
Towa City, Towa 
ind shape 0 electri re retina i Tlas oO produces oes 
sponses of the retina depend, asi iin the state of the retina which last beyor 
physical factors of the stimulus i the duration of the flash. Thus twin flashes 
cal factors of recording, on biologic factors ind the use of repetitive light stimu ffet 
+} tat 7 th rety ratior } 
the state ol le retina. illu nation of the 
Summer Student Fel wshit \A 
\ 
Grant B-149 ( 3 the Natior ‘ 
*From the Department of phthalmology. Col Neur ¢ Diseases and BI ness, Nat l 
lege f Medicine, State University of [owa. This tutes of Healt Bethesd Mar nd. Presented at 
work was performed during the mmert f 1956 the M Winter N nal Meeting the Ass 
luring the tenure 1 B. S.) of tion for Research i Opht! alm Edgewater 
College of Medicine state [ versity of lowa Parl Mississippi, February 20. 1959 


HUMAN ELECTRORETINOGRAM 


I for ffect of phot glossy white paint. He was then dark adapted 


for 


ulation on 10 minutes and the automatic light flashes 


Che effect « he retina ot were started. The 


intensity remained un 
animals has been 1 by anumber of changed during each experimental session 
were done by lo maintain eady level of adaptation, a 
stimuli have — flash was delivered automatically every four 


physiologists Studies 
Dodt' and Mahnek« 


roved useful not 


a st 


O seconds throughout the whole session, ex 
ents but retinography end when repetitive stimuli wert 
with a study in inute of delivering the 
flashes of four 


flashes were mack 


inute \t the 12th minute 


double interval wert 


in exactly 
lashes of 20. 30. 40. 60, 
vals. At 


light 


70. 80. 90. 100. 120. 150 mse 


he conclusion of th 


7,8. 10 


1S report 


n each series 


retinograms were measured and 
ments averaged. These averages 


in averaged for the whole group 


RESULTS 


analyzed under four 
gle flash electroretino 
twin flashes on the 
second elec 
flashes: (4) the 
lashes 


ELECTRORETINOGRAM 


While the data obtained with single flashes 


g 
not add essentially new inforn 


furnish a clear and consistent picture of th 
1, 


ation, they 


tferences in the size and shape of human 
electroretinograms obtained with stimulating 


lashes of four intensity levels 


In most of our electroretinograms the four 


typical components of the electroret 


tinogram 
1 wit! resulting from flashes of brief durati 
with non resuiting trom Hashes of brief duration, a 


75 
flashes, separated by 15 to 150 msec. int a 
ils, and repetitive st l tn mparabl lelivered for one-half minute, followed again 
ic 
ntervals by one-half minute of single flashes. The pro 
cecaure was rem tec 
if fashion doublk 
‘ ‘ ‘ 
24 years thout signif ilar anoma stimuli with frequencies of 1, 2, 4, 6, 
] 1? 1 
cs ind 20 stimuli pet second were ce 
Grass | S es 1 (1 \ tew exploratory experiments were dis 
+ (1 nd 16 (1 vel ed. In add irded. One experimental series on each eve 
t neutrat Mit nsisting of an exposed X lor each stimulus situation ____ 
is used i +} I, the measure 
g 
(NALYSIS AND DISCUSSION OF 
lelivering o1 sh « four seconds 
Lhe el I Irian \ Cl results will be 
1 wu electrode: the 1 tterent electrode headings 1) The sin 
silver | ele TT | Tere tl ran 2?) the effect ¢ 
gral 
grou g Ss \ elec odes nogra with 
ne fastened to each earlobe of the subject electroretinogram with 
Recording was done s iltaneously with a 
, l SINGLE FLAS 
(;rass 4-channe 1 tac nd Du 
ont ograph I eTa Che 
er and fils recordc wet rrelated by P 
the experimental arrang ent will be de 
scribed in a forthcoming tion 
was light adapted for five mim : 
light reflected from a bow painte¢ 
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Double flash designation, being purely descriptive, avoids 
—__ ~=s any theoretic implications and should be pret 


erable even to the designation ap, as, b, and b 


suggested by Johnson® to avoid the 


terminologic confusion, where the subsct 
p and s stand for photopi ind sco 


spectively 


Che summary of the averages of 


urements O un (table 1 hg 
the following conclusions 
1. Stimulation with low 


ibsent here 


Waves wert 


. 
ror i, 


support 
essential 


rt pre senter 


neasured 
We shall spe ik of the ur components of 
the electroretinogram as if the first and sec 


ond negative and e elevations and 


designate them as a, } :, and bz. Such a 


— 
76 
Single flash 
I, Fo f 1 | 
2 
stim. |—y 
¢xisting 
A 
| resulted in electroretinograms trom whic! 
: the a-wave was always was 
‘4 } 71 
j woweve! n all of the electroretinograms 
small first positive elevation which had a pea 
| time of 65 mse vhich we believe to cor 
= | VU | respond to the b,-wave of the electroretino 
— grams obtained with more intense flashes 
lig ) hig. | 
Stim. -—y ie 2. With intensity I, an a, and vave 
ind a b, and b. wave were obtained, with 
| | being smaller than the second on 
3. With intensities I, and I,., the situation 
200 V | sec was reversed. the first negative a1 posit 
| 1 (Burian and Sy ectroretinograms deviations being /arger than the second ones 
ed wil ngle HMashe sti $ inter $. The absolute values of the b nd b 
ponse wit he ference Size 1 the The il times of nat vere 
the same tora ntens es, wnereas W ‘ 
‘ flashes \ the erence 
higher intensities there was a reduction it 
‘ tin igher ti ‘ nstrating th the ik tu e of b ind illv ot b the 
= peak time of be for | ing only one halt 
of that for 
louble a-wave and a double b-wave vert These findings summarize and confirm the 
eariy discernible vith tl eX on of the results obtain lw thi in\ lifferent method 
electroretinograms product vy I,F. flashes n this laboratorv and in others. They clearly 
vhich never gave an a-wav hg. 1). In hg issumption that a, and D, are 
some of the electroretinogra! the positive ly expressions of the bhotot prox 
elevation was (IEE! by a plateau rather ess: at a given level of dark adaptation (hey 
than by two distinct peaks, but in the ma ire smaller for low stimulus intensities and 
jority of them two peaks could readily be larger for high stimulus intensities than their 
counterparts a. and b 
*In ev tine the me leviat 
tween subjects | r measurements 1 the indiv lu 
PE §=— subjects the deviations were generally much smalle: 
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rABLI 


\VERAGE AMPLI1 \) AND PEAK TIMEs (t OF THE FOt 


R COMPONENTS OF THI 
ELECTRORI OGRAM WITH SINGLE FLASHES OF FOl 


R INTENSITY LEVELS 


tion ind especially the rapid changt In rat 


increase after the 11th minute, would 
that both the photopi ind the sco 
activity contribute to the appearance of 
wave. However, if this explanation 
t, it introduces another complication 
namely that we must assume the existence of 
uick acting scotopic responses in addition to 
well known slow acting one 
ne wo! s what elet 
is response. Also, it 


the question, whet 


Zhi 
| 
i i b b 
\ t \ tp \ t \ tp 
uu u\ nsec uV u\ 
33+ 3 65 +7 123+14 110+4 
97 +19 13 107 +19 373 +24 15+4 103 +16 61+3 
| 18 15 33+ 8 479 +24 2 $43 13 60 +2 
76+17 18 63+ 156 +47 133463 
4 f Droce ss 
The fact that b ind | matlier ab 
solute values for I.. than for bears out an 
old observation 1 1 this laboratory 
Buriat that supramaxit t ili tend te 
reduce the \\ Ve vhere gat ive 18 not 
here is no ditterence of , regarding 
the xistence of a doublk or for that 
ittet fa doubk \\ ut if 18 not cleat} 
equated unde! cu stat vith the s« 
called X-wave \uerbacl Burian is 
seamed this to he the se Schubert® sur b; 
af De 
\ reiected thetr nter stating 
troretinogram suggest t vas wrong 
“ 1s ot taultv meas nt \usmes 
Sung ot the é 
~ 
best s confirmed the fi ngs of Auet G2 
ntensity. and followi1 up. as thev 
did. the behavior of tl troretinograt 
throughout dark adaptatior vit 1 white 
stimulus light. While Best therefore, in 
ned to agree that the first positive elevation 
in fact the x-wave. he poit it correctl 
that the continued incre n size of the ‘ 
first positive elevation n¢ irk adapta 
* It st be ] ted t t time this ol Fig. 2 Burian and Spivey) Plot t average 
+ 
ser tion was 1 e we t e | Vave trot plitudes of the components Of the su e fla 
the so-electric line t f trough of the electroretinograms at tour intensit levels of the 
wave Wher t re tter nd timulus Ni tne inversior ot the quantitative 
t w bee r pr t te some year relations! p ot the omponents f the I, and Ix 
—the effect 1 t inv l evel compared to leve and fy 
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the electroretinogram following it 


be came 
increasingly prominent (fh 


g. 3). Has the b, 
wave already become an “x-wave’”’ 


with the 
light adapting flash of 0.1” or only with the 
0.3” flash 


Regardless of the solution to this probk 
there 1s ample evidence that the b-wave 
composed essentially of two peaks and 
these peaks can be differentially 
depending on the condition and 
udaptation of the eye and on the p: 
of the timulati higl 


\t no 1 second electro 
retinogran 


. | vin flashes wit 
5 and 20 | 


Intensity 


7 


reported by 
tation was in 
ishes of varving 


first electro 


flash showed 


n size and shape compared 
electroretinogram preceding the 
flash. With increasing duration of the ligh 
idapting flash the “photopic’ 


character of 


A Durat 8B 
of glare 
0.05 
A 
ERG m, 
- 
f na 
010 oft 
| 
e’Ts 
ER > | 
L J L 
> 
2. Erres F TWIN STIMULI ON THE FIRS 
ELECTRORI NOGRAM 
0.X0 
| 
sas 2 
= 
50.” 4304 
> 
a 
4 
ers [V\~ | 
Fig. 3 (B Spive 
3504 
P \ t electroretir a = 
: fi N ssive reductic 4 
5 
rresponding | toy ppearance e 
tr erir x a 
604 
eCOMES al \ nless is true 404 
‘ 
\l ngton tnint t the X-Wave > 
i specifi “red response not in overt ill 
photopic response Consider for exampl 
I 
Flash Delay in mse 
Ruria n which da de 
errupted by light ada g Fig. 4 rian and Spive lot rage 
creasing fla lela t intensities I] nd Ie. Note 
that for double flashes with short flash delavs there 
— crease in effective light intensitv causi1 
flashes at intensity LF: to increase the amplitude o! 
the b.-wave, whereas such flashes at intensity I 
reduce the amplitude of the b.-wave 


rABLI 


NTS OF FIRST ELEC 
FOR STIMI 


TRORETINOGRAM AND Ol 


N nV OF COMPONI 
rINOGRAM 


LUS INTENSITY 


\VERAGE AMPI 


B-WAVI ) ELECTRORI 


107 +10 
90 +10 
100 +10 
107+ 6 
100+ 9 
103+ & 
103 +13 
97 +10 
100+ 9 


HUMAN ELECTRORETINOGRAM : 
= 
y 
t Electroretinogran Sec 
| trevv oO ry 
Single flas! 33423 122+14 Elec ‘ 
15 10+ 4 173 +21 
: 0) 37+ 4 172+17 
= 10 6 173 +15 
9 170 +24 
- iO 31 5 145 19 
RO) 33+ 6 148 17 
40 0) 135 6 
100 37 7 139+11 
l 7 137 +22 17 
150 $3+10 135 »3 S35 10 
longer intervals were needed to obtain a set most fully to its original amplitude with I,] 
| 
ond electroretin oral sth ¢ two lower 1n stimuli ( fig $4) - with the three higher intet 
tensity levels. However, even when no se sities it fell at first and then rose slowly, but 
ond electroretinogram appeared, twin stimu never reached its original height, possibly 
had a definite effect on t ectroretin¢ because of the ght dapting propertic at 
gral hg 1. tables 2 to 5 the stronget timu fig 
] ] 1] +1 4] 
mt the electroretinograt produce Tell al l, ind | wilt ishes OT am 
showed onsiderable u n the ar pl throughout on the e leve 
tude of the | Wave . er 50 per ne may conclude ft these f I that 
ent, fig. 4 the b,-wa not affected twin flashes with short delay int ply 
At I, there was an n the Dy-wave ict Dy effectively increasing t st lating 
vith 15 and 20 ms« flasl 1 decrease ight intensity. Thus such twin flashes pr 
in the b.-wave; at |, and there was under luce a larger be-wave with Ik ntensitt 
b, and be-waves Vave or t use the appearance: 
\s tne nterva I hasnes was ive ney nverse elati ( 
engthened the b \ tel to return a rs in 
TABLE 3 
\VERAC AMPLI : u\ F COMPONENTS OF FIRST ELEC ) . RAM A 
B-WAVI ~ ND I CTRORETINOGRAM FOR STIM S INTENSITY | 
First Electroret y ~ 
S e | } 97 +19 107 +16 373 +24 103 + 
15 )7 120 11 103 +11 
83+14 397 +)? 370 +24 
87 370 +10 370 +25 
10 00 ] 363 +17 376 
60 Q2 3900 +23 1¢ 
70 87 +15 393+19 3909 + 20 12412 
= SO) 90 14 393 +18 393 12 ; 
100 87 +2 376 +23 380 
. 120 Q7 ) 396 +25 380 +27 73 } 
150 87 386 + 24 383 +21 103+14 
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TABLE 4 


AMPLITUDES IN pV OF COMPONENTS OF FIRST ELECTRORETINOGRAM AND O 


AVERAGI 
OF SECOND ELECTRORETINOGRAM FOR STIMULUS INTENSITY | 


B-WAVI 
First Electroretinogram 
b 


Single Flash $443+13 
413+ 
383 + 
390 + 


15 
20 
x0 
40 
60 
70 
100 
120 
150 


intermediate intensities, and 

maximal stimuli for high intensities 
results may again be interpreted in terms of intensity 
a differentiation of the photopic and scotopi intensity, the 
components of the electroretinos I 


An intensity effect of twin flashes is also intensity 


evident from the series of electroretinograms ‘ram was recorde: 


for the “dark-adapted” eyes reproduced by m flash delay 


Mahneke,? although he draws no attention to 
this fact. Judging from his reproductions, 
the b-wave measured for very short flash 
intervals roughly 500 uV, whereas for flash 
intervals of over 100 msec. it measured about was 
330 w\ flash 
dence f a secon 
[THE SECOND ELECTRORETIN 


intens 


Phe appearance nd I \t 


rABLE 5 


\VERAGE AMPLITUDES IN nV OF COMPONENTS OF FIRST ELI 
OF SECOND ELECTRORETINOGRAM FOR STIMULI 


rst Electroretinogram 


4106 + 
103 +4 
400 + 
403 + 
390 + 
396 +5 
$03 


Flash delay 


| 
134+15 220+ § 443 +30 416+ 32 
206 + 10 206+ § 446 + 30 $26+53 
: 213+14 216+10 $46 +33 $20 +53 50 + 30 
203 +18 213+11 $46 + 26 106 +59 63 +31 
= 209 +12 216+13 450 + 30 $16 +64 93 41 
7 
a 100 + 20 210+18 $46 + 33 406 +68 153 +45 
216+ 220+ 7 450 +24 $10 +53 170 +43 
the delay interval depends upor 
of the flashes: the weaker the 
naer must be the inter 
id fie. 5 
ig. . 
ens | in all records with a 10 
md electroretinograt wit 
and in ir wit id 
second electroretinog 
ill records with 70 ms 
ur records there F 
S INTENSITY | 
Electrore 
i 
| Fl 17 ‘7 ‘ 
ole isl 276+1 262 +29 $56 +47 $33+63 
15 +25 240+43 410 +67 406 +57 
0 20+16 73 +18 423 +60 103 +43 
10 70 +17 260 +32 $26 +50 396 +70 
10) 76 63 +27 409 +80 
60 66 + 16 53+)? 100 +70 7 50 +3 
70 56 +28 250 +32 393 +80 0 17 8 
80 70 +2? 50 +25 403 +83 7 63 +34 
100 263 +19 253 +2? 393 +83 90 + 32 
120 273+24 269 +29 396 + 84 0 130 +24 
150 73 +21 60 + 31 396 +83 0 160 + 22 
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100 msec 20 msec 150 msec 


\ 
\ 


- 
40msec 60 msec 


UMAN ELE 28 | 
I, Fo 
S *4 | 
ad = | 
80msec 
A | \ 
yw 
OO msec 20 msec 50 msec 
4 
201 J se 
lash ‘ ey \ ntencitiesc than high ones ordet 
lence of econd ral t that 1 second flash may give rise to an 
> 
sharp rise for tl ¢ nsities but for 28 
flash delays of 12 150 e1 4 
ng the nting ! st 4 
ncreased witl 1 ! flash delav. except 
tively short flast 100. 120 nd (bu nd Average 
Se( he, 6 ter tic | 


M. BURIAN AND 


ight in 


slower 


study of 
repetitive re obtained with 
ism cannot in frequet [ 

nd that the 
lowe r for ith 
for high ones. ym 1,000 to 50 msec 

flash delay for We shall in this presentation pay particu 
n electroretino attention to the electroretinogram follow 


mulus and to the shape of the 


ly explained on 


isis. Nevertheless, t greater flash subsequent stimuli 
requirement rai tain questions For all recordings, regardless of the stimu 
which will be following sec lus frequency, the first electroretinogram 
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| "2 
Stim 
| 
| 
ERG | 
lo.ps 
2c.p.s 4cp.s 
orim 
J 
6cps lOc.p.s 
200 “wv sec 
I,} Note t t there 1 e in shape but 1 reductior Size wit increasing stu us ire 
Note only electroret ‘ rency 10 cps wi m thie 
electroretinogram response? Low 1 tion dealing with the electroretinograms ob 
tensiti stimulate presumably the MM tained with repetitive light stimul! 
col echanis! whereas | gh light in 
+. THE TRORETINOGRAM WITH REPETI 
stimulate he ister photopic me 
hanis It is known fror 
| 
lashes that the scotop! me 
tusion trequency 1S very 1 
Ow ntensity flashes tl in it 


rINOGRAM 


f one and 


r the first 


ments, 


{UMAN ELECTRORE 
ley nlitud +} roreti rrar ttain 1 17 
was always of consic \ irger he electroretinograms attained a ind 
in all its component waves than were th shape characteristic tor the particular in 
subsequent electroretinograms. [his was pat tensity and particular frequency. It 1s essen 
ticularly evident for the second electroretino il to note that this steady response could 
gram and increasingly so for higher stimulus be maintained indefinitely 
frequencies. The secot troretinograt As has been mentioned before, this steady 
not only was lower in at tude, but had a response was indistinguishable from the first 
definitely “photopi or the ectroretinog? ( equencies ol 
intensities. The subsequent electroretino two cps with 1,1 for higher frequencies 1t 
eTa ed imi a DD Trered only S1zZe O electrore 
tude on the intensity of the stimulus and on gram. The steady responses with I, still had 
its frequency some “scotopi haracteristics: a small a 
At I! fig. 7) thet th a stimulus vave and a rounded b-wave (fig. 8). With 
frequency of one and t ps, essentially no I, the a-wave was comparatively larger ; th 
difference in eithet r shape be b-wave became a sharp, narr neal \t 
tween the first elect { nd the sul lower frequencies of repetitive timuli a 
sequent ones re t ning st ly louble b-wave could still be le out, but 
response ‘ obtan V\ it trequency ot the second peak quickly 1 ired with 
four cps the seco} tinogral va ncrease n trequenc\ hg. Y \ with 
1¢ ipbiy Lii¢ ie i Vave is D-Wwave 
guent electroretinog further reduced in height nd a trend t 
second Ni tere! ‘ verween nit Val 1 pos ve ele ition prec he 
ind subsequent elect oT s could | vave could be made out (fig. & 
noted ncreasing f the ectre The existence otf a retractory px od w 
retin rams the frst one letert nes the cle \ in the ppearance 
ecame progressive nd fusion e seco! electroretinograt vith twin 
10 cos. This flashes. and the observations! le with repe 
onsistent with fusiol titive uli. require expla ition 
quency of the scot It should (sranit concluded on the basis of his 
ilso be noted in Figu 7 shat the amplitude beautiful experiments on single fibers of the 
oat the ans nad . retinogral } optic nerve of animals that the refractory 
tained with 10 cps ponse to twé period and the reduction in the b-wave were 
stimul r than the amp! lue to postexcitatorv svnapti nhibition 
tude af the btain vhereas the appearance of larger a-waves 
lower frequencies th multiple stimulation resulted tro 
The electroretinog | bv repet re-excitatory inhibition of the off-effect 
tive stimuli of I. Dodt? ] ver these concepts of 
omplex than Granit’s and enlarged them by plving thet 
With the ntar ec the ond to hur n electroretit hy particular 
g g pa 
elec ore og rile ne las sh i suppressing sco 
faster the flicker, and f frequencies cot topic activity of the human retina by means 
responding to thos 1 in producing of flicker the photopic activity can be brought 
twin flashes, the se troretinograms out, including the presence of an oft-eftect 
encroached upon thx ectroretinogt \driat oftered lifterent explanation 
1] 
and were quite ce pat { se described Calling attention to the reduction in the size 
in the preceding section of tl paper. How of the scotopic component afte EL r: 
ever, alter three, ost five, ponse, Observed in CXpPcri 
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lOc.p.s 


Stim 


| 
pea 


turtnet 


sponses 


attaine d 


ina disch 


at lose 
and size 
has bee Ti 


Dowling 


exists a 
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. Lig 
stim | 
; Lf \ 
ERG | \ 
¥ 
ERG 
200 | sec 
Fig. 8 (Bur S| 
rve b-wave which is 1 
tated that it w is presul due to the oht 
wlapting effect of the fir t flack his finding im the retinas of » A 
suggested to \driar dependence phot leficient rats 
chemical factors. He added. however. that One feele iustifie 
neural factors also. Adrian found nd with repet e light stimuli by the 
more that with the use of blue ight the tent in phot ements of tl webs — 
respemees did not become progressively elements 
smaller. but that afte the first few flash« The amount f photopig! nt the ! 
reserves at the first stimulus. but could then of accounting for the observations , 
revert to 1 state of dvi equilibriut loublk light Aachec na repetit ght 
where the supply keeps D th the ce stimuli The lelav required for t ont 
I ind nee of the nd electroretit the 
This view has much to attract the ophthal luction in size and change in shape 
what we know about the origi f the retinal plained by it. | ittainment vit repetit 
potentials and with many observations in sti uli, of the steady dyna equilibriu 
clinical electroretinography. Experimentally, spoken of driat 
relation « f phot he il processes electroretinogra S typi il or each | el, | 
ind shape of the electroretinograt ng larger a-waves and s er b-waves wit 
lemonstrated in the recent work of progressively higher intensities at 1 greater 
ME and Wald" who showed that ther frequencies sing an ever more light 
gum remarkable parail between the idapted state of the eye, further indicate that 


rINOGRAM 


lirection 


HUMAN ELECTROR 
ig | 

A 

\ A \ 

ps 

big 
renetitive tit nter A A A | 
ne cps) to six r seve 2cps 
0 cps) s wing < 
ost me ( re 
wave s wel s the ste f \\ 
equencies timulat 4cps 
seven. 10. 12. 1 ) tim 
ree we the elect 
| 
J J 
iOcps <ecps 
| 
A | 
5cps 20cps 
2 uv _ sec 
he nd shar roretinograt! frequently ZOO te 250 in 
depend on the level oi ible photopig- normal eyes. Also, Dodt stated that the oj 
ments, resulting +} en hing ind re frequet1 vy to the i] i-wave 
synthesis vas eight to | )cps. CGrreater or sn iller fre 
In considet ng the res ts ur study quencies wt ild g a-waves | illet 
must be kept in mind that 1 is performed Jodt has explained this observation by the 
with stimuli of extret rt duration (1! fact that the opt il condition for the pro 
micre seconds iccordil | the manutl lu tf al i-Wwave Ss givel when the SEC 
ure! ind very high intensit nis may we ond stimulus arrives at the peak ol the off 
explain discrepancies t n our findings’ effect, basing himself on Granit’s view that 
ind those of other obs o Dot! found it the vave is an expression of the pre-excita 
necessary, tor insta! to! ice the scotop! torv inhibition of the oft-effect. Krom out 
ict t\ by fli ket I I iin! il results \\ wld I that the si Z¢ oT the i 
\ \ +] ‘ 17 
i-waves of 100 uv \ \ ves of comparabk vave with repetitive stimull may ery wel 
size were never OobDse! y ni either with so be sn ply function of stimulus inten 
single or doubl ishe With our phot sity. A comparison of the a-wa es obtained 
stimulator a-waves of 10O uw V are commor vith lhght flashes of | [,, and [,, hgs. & 
place and with higher intensities we obtain and 9) would certainly point in this i777! 
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intensity to be effectively 


with a study of mediate flash intensities the qua 


[his report 
ght flashes and repetitive light stimuli lationship « 


vi 


t the first and se¢ nad 


on the humar of five negative cor 
young subjects 
An analysis of retinogram ob 

ith the single asi illow one to 

ind second 

mechanisn 


itions to 


| ven if no secon 
luced by twin ff 


second 


— 
SUM MARY Ree increased ; at inte 
ntitative re 
‘ 
components of the electroretinograr 
I 
hich inte sities cunramay} 
nen I supra iX 
uli were created 
the first few flash © renetit e oti 
rise i Ste response wl cl 
ristic tor eac 1 ke el of ntensitv al | 
cy n general, the etectt! retinogra 
the scot mechanis! obtaine witl gher Stimulus mtensities nd 
LO eel 1 second electror nogram with greater stu us trequencies re ré 
twin flashes longer flash delays are required plex and tend to assume a more and re 
for low ttensities than for higher ones “photop charactet 
shes vith sk rt lelay inter observe | phenot ena based a the de] nd 
vals, the HEM flash does have an effect on ence of the electroretinogram on photoche: 
the first electroretine gral il w flash in i process¢ 
tensities the S¢ nd flasl caused the total Universit i a 
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ure? A nsa 
Con f the more u esting and contr« trast with the findings of Morat and Doyon 
ersial aspects of ocular physiology in recent who reported that stimulation of the cervica 
vears has been tl relat portance ot sympathetic nerve will result in 1 decrease 1n 
parasvi pathet ind 1) thet portions of retractive powel oft the eve a vell as pup 
— TI reanite heen 
the autonot nervou t on visual at lary hese results have been 
commodation. As eat 801 Young" pri fied manv times over by Cogat ind Mor 
sed it changes ctive nowe!} van and sted The itter iuthors ob 
| that g 
ot the eve were brought it by changes in served that an excited rabbit be es hype 
the radius of cur 1 t crysta opic. Repeating this experiment on humar 
} } } 1] sah } | +1 ‘ ns 
ens il 1 not DV | I ‘ all subrects they oun ( lais 
engt! rm l cur sition ot the pecorse hyper etro] ‘ vhen miected to 
ens. The Young hy is redis sudden startling stimulus 
ered by Helmholt nely char This flattening of the crystalline lens « 
p ned his me e cl urs as part of th venera \ patne't 
The Helml tz the datio1 respons dilated pupils, « ition of 
te pressurt lecreased skin resistance nd ar 
tnt ‘ + when the latec fn ncrease of heart rate. Morgan, O ted and 
+] f horoid ical swmpathet stimulation decreased the 
posing e elas he 
the sus refractive power of the eve in cats, dogs and 
creasing ‘ 
pensorv ligament on tl ! sule therel nkeys. In addition, s oning e ocul 
y liga 
illowing the elast I t capsule t oto nerve I ne ca iugmel n ‘ 
mold the ens te i tori sponse (Jimste va 
This action of the iscle results similar results were obtained when phot 
vhen it is. stimulat { culomotot graphs of the Purkinje-Sanso1 ges wert 
nerve, part t the syste ised t letermine hanges I refractive 
The role and relat tance of the power resulting fri sympathet - sala 
aval ton Fleming and Olmsted ~~ 

dation has beet ess neated. Su the mmediate effects of 1p r cet ca 
Horner’s* initial < n 1869, it | ganglionectomy on the retract power ol 
— a that +] , the eve 1 its and rabbits. The reported 
cn that there is at mediate increase in 1 

inding 
denced me | irent ter 1 ot listancs tract e power 1n the eve on the side ot the 
modatiol his o1 lesion but that this d becom nsig 

aftes ld +} 
nincan Alt several Gays il on 
Stigat n the D sympathetic illy nnet ited portion « tne ac 

partme ommodative mechanisn rar elops a upel 

Kans t grant 

c p Natior sensitivity response to intravenously adm 
Institute of No al D nd Blindness istered epinephrine five days after dene 
i} 716 

tion 

t Present lamp D 

\ nd 120 [The experimental results regarding the 
lz 
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effects of sympathetic stimulation are quite 


well documented, however, there is consid 


erable dispute regarding the actual mecha 


nism involved 
Henderson” first proposed that the ciliary 
both sympatheti 


had 


little experimental evidence on which to base 


muscle was innervated by 


but 


and parasympathetic nerve 


Kuntz, Richins, and Casey 


naintained that the 


his conclusions 


advanced a theory which 


action of sympathe system on accom 


was mainly inhibitory 
all the 


the 


modation They be 


lieved that 


nerve fibers acting directly 


to alter refractive wer of the lens 


ame trom the system via 


the oculomotor nervy conch that 


the third cranial nery yarasyn 


pathetic fibers with adrenerg! ings and 


that the | sympa ti ve acted on 


the 


cervica 
mid-brain to oculomotor 
nerve 

lhis hypothesis was weakened by the ex 


Melton 


who stimulate 


perimental results of Parnell and 


Brecher" ind 


ciliary nerve fibers in 


he s¢ 


ferent patterns 


cats eves inves 


long and shot 


They concluded 


when the 
stimulated 
hood the ciliary muscle hac 


nervation. In an resolve 


enigma that ulation 


pathetic nery rought about negative accon 


modation, while ablation of the same nerve 


produced only a transient increase in refra 


tive power the following exper! 


unde 


MATERIALS 


\n experimental procedure was devised 


to investigate thé ina I Icroscopic 


changes which take place within the eye as 


the result of prolonged unilateral sympa 


thetic stimulation with and without parasym 


pathetic ablation. Twenty-nine cats were em 


ployed as the experimental animals 


The exposed cervical sympathetic nerve 


on one side in nembutalized cats was stimu 


AND 


JAMES L. HALL 


lated with rectangular pulses of 10 millisec- 
onds’ duration at a rate of 20 per second and 
of sufficient intensity to maintain maximal 
dilitation for a three hour period. At the end 
of this interval and while the stimulus was 


still being applied, both eyes were fixed in 


vivo by infusing a four-percent aqueous lead 
solution through the corneas int 
Chis 
fixation « 
Che 


cleated and immersed in the fixative fo 


subacetate 


the anterior chambers resulted in 


almost immediate f the ante 


segments bilaterally eves wert 


hours 
lhe eyes were washed and infiltrate: 


dilute gelatin solutions from 


cent, blocked, and hardened wit 


fluid under refrigeration and s« 


micra on a sliding microtome 


Sections were stained 


blue method of Richins 


ries of six animals the cili 


S¢ 
extirpated from the right eye 
ing adequate time for recovery 
sympathetic trunk was stimul 
tralateral side is «ce 

were removed 

four-percent 

tion 

nhxXation, 1s 


and 


I ead subacet if 


ihncation Hess Hollanders 
blue 
was substituted 


Hall 


lent 


Le id subacet 


fixative since pupi 


iction could be instantaneously ‘“‘fixed 


is essential for the best results, he 


this solution be mad ©. free 

arallel procedure the superior cery 
cal sympathetic ganglion was extirpated uni 
The 


ind the 


laterally in six cats animals were al 


lowed to recover contralateral cet 


vical sympathetic trunk was electrically sti 
ulated. The eyes were fixed in vivo, ret 
other tissues 


and treated as the 


Che 


ally on one side 


oculomotor nerve was cut intracran 


in three animals and after 


time for recovery the cervical sympathetic 


— 
—— = 
two to 10 per 
Manus 
with the toluidin 
and Hall 
ganglion was 
After illow 
hort on the cor 
DEE enucleated, perfused e. The eye: 
harv hbers were 
that in all likel further mod 
1 direct, dual in toluidine 
the i Benzene 
ments were take: 
MEE AND METHODS 
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trunk on the contralateral side was exposed 
and stimulated. The standard procedures de 
scribed above were followed 

In animals used as sham stimulated con 
trols one from each of the surgical groups 
yrocedures was 


produced by the above | se 


lected. After adequate time for recovery 


from surgery which was usually three to 
weeks the cervical syn 


four pathetic trunk 


was exposed on the contralateral side under 
in con 


nembutal. The electrodes were placed 


tact with the trunk but the stimulus was not 
re kept in this posi 
the 
he were 


ivo and handled in the 


applied. The animals we 


tion for three hours simulating exper! 


mental techniques. 1 fixed in 


inner as the 
the two 


slide 


experimental trom 


eves were mounted on the um and 


stained simultaneously 


rOMY 


the exposed 
was stimulated 
xin 


Che ipsilateral ally while 


constricted 


the pupil in the contralateral « 


1) is re] 


] 


pupilla 


rrid 


ye 


( hig resents a con 


maximally 
which 


tra-consensual esponst 


} 


ne Ove den « odified by \ 


ary 
both 


both 


could not 
evel ot light either or 


ing the | 
As at scribe 
eves were perfused within n 
their elat Ve 


to observe 


eves ethod above 


inutes of each 
pupillary 
a di 
lated pupil in the fixed, enuck ited eye on the 


other and tained 


lameters It was poss 


stimulated side in a cor pupil and 


mate 


Sagvital sex 


ti 
t 


toluidine blue method 


lens on the stimulated 


spherical lens on the 

lated side The cilia 

rked « 
change from 


This 


indicates altered 


two eyes legres 


at tivity, < 


blue to green uscles 


change in cok 


metaboli V1 licited by stimulation 


[he cl iracteristics 


OF 
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were demonstrated in autonomic ganglia fol 
lowing preganglionic stimulation by Richins 
and Hall.*® Their ability to prevent and con 
trol this of the 


perior cervical ganglion by using various 


response in neurones su 
drugs established this method as a research 
tool 

Our findings in the present investigation 
seemed to justify further use of this method 
lhe ciliary body in both eyes showed the 
same relative degree of activity, although the 
cervical sympathic nerve was stimulated on 
within the 


one side. Localization of 


ciliz 


sels within t 


muscle not 1 ves 


he 


ir) Was 


ciliary body in the stimulated 


eve showed of constriction 
ppeared 


LIONECTOMY 


ILIARY GAN‘ 


STIMTI ATIO 


vith 


| pupil and a flattene« 


PATHETI 


In those eyes ne 


removed a dilate: 


were obset ed (hig 


which W stin 


responses were 


Histological 


cle ree 


“4 ination 


stained anteri both eves 


iTneCt 


] 


1 
nad 


denervated 


4 
dilated 
REs 
cervical sympathetic net ~ 
eve ulated sympathetically 
Of he 
ly 
A 
ed eyes using the 
ed a flattened 
side, and a rounded 
es. ae Fig. 1 (Fleming and H Photograph taker 
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OMY 


CERVICAI 


SYMPA ATION 


supe rio! 


om side 


eves showed 


is flattened 
ide while on 
1a smaller 
in the cil 
showed 
those in 


ry bodies 


NERVI ERVICAI SYMPA 
Ic STIMUI ION 
The animals that had the third nerve sev 


ered intracranially presented 
ith the ciliary gan 


the same histo 


picture as those w 
| were expected 


logical 
glionect my Che S¢ resui 
since they represented the same essential 
procedure except for the fact that there was 


no trauma within the orbit itself 


experimental 


from each of 
groups and a normal animal were 
for three 


subjected to sham _ stimulation 
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aN 
— > 
4 
¥ 
a 
Fig. 2 (Fleming and Hall) ffects of extirpa — 
e eff surg unesthes ote itati 
Fig. 3 (Fleming H with unilate: 
‘ 
extirpated supe 
SUI GAN¢ IONECT@ 
two vears irat 
CERVICAL 
In a subsequent procedure the gMMMF hours of the cervical sympathetic trunk o1 
ervical ganglion was removed on i777’ the intact side. Color changes observed cd 
ind the anu ils were illowed to recover tot a rT the controls oniv in the eves on 
irial e pet ods of t e ranging trom se\ the dene: rhe hade af 
eral days to two vears (fig 3 The cervical normal ani theo | 
nerve the contr ilateral sic olor changes 
was stimulated. Sections of the UU 
marked differences. The lens \ 
n the eve on the stimulated s ~ a 
the unstimulated side the lens | 
radius of curvature. Th ssel 
irv body on the side stimul 
marked constriction as compare 
f both eves showed ipproxu itely the Sallie om 
relative degree of metabolic activity ” 
> 
“9 
Fig. 4a (Fleming and Hall). Photograph throug 
LON TROLS blood vessels f the ciliarv body A ppe rance of 
ne cy blood vessels fter three ur stimulatior the 
ervical sympathet nerve n the same le. Note 
surgic il nstricted blood vessels. An intense 
olor-change was observed. (Magnification < 1250.) 
. — 
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we 
tay 
4 
Fig. 4d ( Fleming H Photograph t 
od vessel t lar I 
nm eve 1 thre 
enervatiol glonectot ¢ 
syvmpathet erve tt 
e for three rs. esse ‘ 
yh thr rder of grit 
4 
els t ppeal plete Absence ! 
t r st 670 
Prolonged stimulation of the cervical 
< 1250.) pathetic nerve on one side elt ed color 
changes from blue to green in the iry 
bodv of both eves. Constricted blood es 
seis im the body he wever. were seen only 
in the eve Stil ulated lo test tor the poss 
OF parasy pathe ( ulatiol 
ot the ciliary muscle n the eve on the con 
tralateral sick through 1 central mechanisi 
the ciliary ganglion was extirpated unilate1 
sectioned unilaterally in three additional an . 
mals. In both of these groups with parasy ; 
patheti lesions the olor change I 
ner ited eves were | irkedly nhibite 
com] ired to the non-lesion ann : 
l:vyes removed from a control anesthetize 
inimal subjected to no prior surgical trau 
exhibited basal metabolic activity as dete1 
Fig. 4c (Fl — irs mined on the basis of this staining technique 
els t te rte 
rs er ex t perior 
\ MODIFIED ODA TION 
\ e oret st preset mnathet; tion on accor adatior 
(Mag tion 1250 ot sympathetic a lation 
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was still to be resolved. A theory of sympa accommodation is through the action of the 
thetic action on accommodation should fit the oculomotor nerve on the ciliary muscle as 
following data conceived in the original Young-Helmholtz 
a. The system responds to direct sympa theory. In addition the sympathetics alter ac 
thetic stimulation with an increase in nega- commodation in one and perhaps two ways 
tive accommodation Most of the sympathetic nerve endings in 
b. Humans ind experimental animals witl the ciliary body terminate in the walls of 
long-standing lesions of the cervical sympa blood vessels. When the sympathetics 
thetic system as seen in Horner’s syndrome, stimulated the blood vessels constrict 
do not manifest alterations of distance a creasing the blood volume of the ci 
commodation in eithet » Cogan,”” how body. Since the body is firmly fixed to 
ever, has reported th tier Wi ‘er’ ‘ra at its outer margin, a 
cal sympathetic lesions exh ‘eater ; body size results in an increase 


commodative amplitude in . . n the sion exerted by the Suspensory li 
side with the lesion. In addition, Morgan the lens capsule and an ultimate « 


states that the ministration yf amphe the refractive power of the lens. Conversel 


sulfate will cause a reduct yf ac when the ‘rvical mpat ic system is 
commodative amplitude 


Stimulation of long 


vasom 
rs produces a difference in the pattet f body 

ciliary muscle cont 

the superior 

transient increase in 


a Uhe histophysiolo lata rej] d 1 cle tone 

the present paper led u mclusion that common 

sympathetic imulati jused mstriction many parts of the body 

of the blood vessels i the ciliat body while he selective c 4 change S 


iblation of the san ery vill cause ; uscle pre duced by direct stin 


rapid dilation of the blood vessels in the cil cervical sympathetic nerve as well 
iarv body ition re wa n v1 of Melton, Purnell and Brecher 
dence that diffe: men f th » that there might be an additional dit 
responded to sympathetic and | tion of the sympathetic system on 
thetic stimulation the ciliary muscle, and that the 
sesses some degree of dual innerva 
formation tl following hypot is V Lamp 
veloped 


The nist ' f Vela Park 
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rERIOR AND POSTERIOR TRABECULODI 


os DELLAPORTA, M.D 


— 
EVALUATION OF YS 
\NGI 
rav dil rnia 
In i previous repor two procedures, the of the lade sometimes becomes entangied 
interior and _ posterior rabeculodialysis, in the scleral tissue, most probably at the 
vere described by which the corneoscleral posterior aspect of Schlemm’s canal neat 
trabeculur can be letached fror its bed the scleral spur and cannot be rotated fur- 
eaving Schlemm’s inal anate ically open her. | he ovement 1s torcee Ss natura 
In the present paper a comparison is made _ that the sclera will be injured but this car 
between the two me hod indi itter pt Is ivoided y retracting the i ( ] 
1! lertakel te ‘ ii late Stal \ the ana I tn tip or re black Deco! sen 
tomical results obtained. For this study the tangled and the sweep can be then easily 
serial meridional sections i S cases ope! cor pleted 
ted with anterior trabecul ysis and of The situations described under pat 
63 cases operat t posterior trabeculo graphs 1 and 2 dot ccu osterio 
3. In anterior trabeculodialysis owing t 
lech ne peratiol re @AS\V Dus, é plac e spatula 
perform successfully, though in y experi tated and carried up to four 1 posterior 
post or trav rodialysis vener;rally Oo ( issure i e ct 
’ oother procedure thar nt or trabecu neoscleral trabe tur has been 1 ched and 
| he iowing poimts in particular reated \ © ¢ ) ) ce 
should be mentioned here t 1S im tal that the separation otf the 
1. In anterior trabeculod sis when per irv bodv is wider and the possible postopet 
forming the sweeping t ements the itive irritation of this structure 1 ght be 
tre ited ons ¢ the I il ‘ pu] are ort ite! thar I pe I i 
drawn bv the blade of the ngulated spatula 4 As mentioned above. the black f the 
owa e angel ‘ eri cha spatula is e ca ‘ v D 
hough tl rl ul k spo! to ti ubchor lal space otherwise it 1s 
| hous ‘ ) kK pon oO subche pace 
taneously, gentle massage at the bus with vious that there would be no effect on th 
i blunt instrument s wl 1 1c is hool structures ot the nel In some sections ot 
ometimes neces nt t recovers its this series the corneoscleral trabeculut vas 
ormal positto1 found detached from its anterior insertio1 
2. In anterior trab luring the near Descemet sf 
weeping mm el i é the actua tached t the scleral spur he ciliary Od 
letachmet! ( ori sche rabpeculu rel ine ( spu 
s felt by the finger ng the ndle of so that no subchoroidal cleft was torme 
the spatula. | sensatior that of passing figs. 1 and 2 This incomplete anterior tra 
1 na rurrow ti | Schl ms ulodialvsis wld the ret illy be the 
canal vit the « of ti 1, During th deal trabeculod ylvsis since the ;queous 
ist this veep in Proce Ire the tip ré ich the outet spect of ochiel Ss cana 
ind no coin ti Cy odialysis Occu®rs 
*]} the |] ‘ epart is, however, most probable that in such a 
ment of Surg Stanford University School of case the corneoscleral trabeculum would r 
Medicine, San Frar estigation was 
ittach t its bed due to the postoper itive irri 
supported by Grant BT-328. | ‘ States P 
Health Service tation however slight this might be. Besides 
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a“ 
4 "pe 
Fig. 1 (Dellaporta). i plete terior trabeculodialysis where ciliary body and base of corneoscleral 
trabeculum remained att ed to the scleral spur but Schlemm’s canal is anatomica open. Arrow indi 
cates the prey us ante! I t I nt of the rneoscleral trabeculun In this case the queous humor ha 
free access to the tet pect of Schlet s canal. Well visible endothelium of Schlem: nal. Sectior 
« 
= 
~ 
. 
Fig. 2 (Dellaporta). Similar anatomic result of incomplete trabeculodialysis as in Figure 1 
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Fig. 3 (Dellaporta 

uned attached 

corneoscle 
outer wall 


om Tat d 


om 


it would be technically almost impossible to 
the 


obtain desired anatomic 
effect. 
\n incomplete anatomi 


of the 


consistently 


result due to a 


blade 


terior chamber is more unlikely to happen 


too short sweep into the an 
in posterior trabeculodialysis because in this 
method the exact position of the blade be 
fore withdrawing it is visualized through the 
cornea. However, an incomplete posterior 
trabeculodialysis was seen histologically in 


‘| he 


trabeculum remained adherent to its anterior 


some slides of this series corneoscleral 


attachment at Descemet’s membrane even 
though ciliary body, scleral spur and the base 
of th had 


3). In such 


corneoscleral trabeculum been 


separated from the sclera (fig 
formation 


the anatomical 


cleft there 


a case in spite of 


of a subchoroidal would be no 


free communication between anterior cham- 
ber and Schlemm’s canal or between anterior 
the 


chamber and subchoroidal space. Thus, 


aqueous humor would not reach 


aspect of Schlemm’s canal. These 


of incomplete anterior or posterior 
lodialysis were observed histologi illy 
series only in sections which derived 


random segments of some eye quat 


OMPARISON NATOM It 


Table 1 


tained with anterior or 


shows the anatomi 


posterior 
dialysis using either the original angul 
the thin angulated 


spatula or spatula 


tioned previously. 

lable 1 indicates that the total percentag: 
anatomic opening of 
Schlemm’s canal (figs. 4A and 4B) is aln 


identical 1m the 


of successes, that is, 
two operations, being 95 
cent in anterior trabeculodialysis and 94 pet 
cent in posterior trabeculodialysis. 

[he results obtained with the original an 
gulated spatula in the operation of anterio1 


trabeculodialysis were consistent enough to 
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= plete | terior trabeculodialysis 
$ anterior nt at Descemet’s met ! 
the | rated. In t W ‘ 
te Schlem: \rrow tee ¢ net 
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rABLE 1 
RESULT} WITH ANTERIOR OR POSTERIOR TRABECULODIALYSIS 


ATD PTD 


Instrument Used No. of No. of Success- No. of No. of Success- 
Operations ful Operations Operations ful Operations 


nal angulated spatula 52 49 32 
(94 


gulated spatula 6 
(100% 


consider this instrument suitable for the suc spur because the blade of the spatula ap 
cessful performance of this procedure so _ proaches it from behind. This is especially 
that further investigations were considered true when this prominence is higher than 
superfluous average and the edge of the blade is thick 


Out of the 32 operations of posterior tra enough to glide over the scleral spur. In an 


beculodialysis perforn d with the original terior trabeculodialysis the scleral spur does 


angulated spatula, 28 w successful, rep not interfere with the actual detachment of 
resenting a success percentage of 87.5 per- the corneoscleral trabeculum since the blade 


hough high, was not as good approaches the latter from the anterior 


cent which, a 
is that obtained in anterior trabeculodialysis. chamber. Having in mind that posterior tra 
[he reason for this difference in results is beculodialysis performed with a spatula 
probably the fact that in posterior trabecu whose blade was a rod, was consistently un 
lodialysis the rneoscleral trabeculum is successful in previous experiments,’ it was 


1f the scleral theorized that a blade thinner than that of 


a typical trabeculod The corneoscleral trabeculum 
the anterior end of the ciliary body. Schlemm’s canal 


a shallow furrow 


97 
Urig 28 
87.5% 
31 31 
100% 
Total 58 55 63 59 
95°, 94°, 
x 
/ 
‘ 
. ] 
aa 
"7s. 
> 
' 
Fig. 4A (Dellaporta). Anator results of 
is completely detached remains clinging 
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Fig. 4B (Dellaporta) gl magnification 


im lining the outer wall of 


Fig. 5 (Dellaporta). Posteri ibeculodialysis performed with tl 
spur (s) has been separated her with the detached corneoscle 
tween arrows. Anterior he latter the posterior corneal surface 


and corneal endothelium and sh¢ a rough surface (sc) 


trabeculum 


denuded « f 
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. 
fs 
- 4 
ry 
— 
~ 
Me of Schiemm’s canal from Figure 4A. Note intact 
endothelium Schlemm’s canal 
Sc 
= 
e thir ngulated sp. tula The scleral 
ral Schlemm’s canal be 
is «Descemet’s membrane 
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the original angulated spatula might be more 
successful in anatomically unfavorable cases. 
A new angulated spatula was constructed 
a considerably thinner blade but not a 


With it. 


posterior trabeculodialysis were performed 


with 
sharp active edge. 31 operations of 
and all proved to be anatomically successful 
(table 1). 
my opinion, due to the fact that a prominent 


These improved results were, in 


scleral spur will be detached together with 
the corneoscleral trabeculum by the thin 
15) 
whereas the thick original angulated spatula 


(With the thin 


edge of the new spatula (figs. 5 and 


would have glided over it 


angulated spatula six successful operations 


of anterior trabeculodialysis were pe rformed 


and these cases were statistical 


pur 


poses added to the : 


tl ibeculodi il 


ysis performed wit iginal angulated 


spatula Imost identical 


since they 


anatomical results). 


Histol 
— 
The study of the hi 


cases showed the f 
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1. In two cases (both anterior trabeculo- 
dialysis) the cause of the failure was obvi 
ol sly poor technique. Some of the tissue of 
the separated ciliary body was found cling 
ing to the scleral spur, indicating that owing 
to insufficient pull on the handle of the spat 
ula or owing to improper position of the 
blade of the spatula during the sweeping 
movement, the active edge of the blade did 
not reach the corneoscleral trabeculum (figs. 
6 and 7). 

2. In one case ( posterior trabeculodialy 
sis) Schlemm’s canal was deepset in the 
scleral tissue and could probably not be 
reached by the active edge of the blade. 

3. In the remaining four cases (one an- 
terior trabeculodialysis, three posterior tra- 
failure was his 


that 


beculodialysis ) the cause of 


tologically not obvious. It seems ana 
tomical variations, that is a relatively deepset 
Schlemm’ 


tively prominent scleral spur in the 


s canal in three cases and a rela 


fourth 


case 3) played some role, but there 


( hig 
were also signs of poor technique as d 
scribed above under paragraph 1. It is my 


impression that with a thinner blade these 


) faulty operative tec! 


licat 
ur (S) indicatit 


= 
ae 
_ 
4 LY Cc 
4 
Fig. 6 (Dellay beculodial luc ti nique. S 
the trabe 
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last four cases would have been successfully 
operated. This opinion is supported by the 
fact that 


variations in the canal of 


many eyes with similar anatomic 


Schlemm and the 


scleral spur, were successfully operated and 


by the excellent (100 percent) results ob 
tained when using a thinner 
unsuccessful 


In summary, the cause of 


Fig. 8 (Dellaporta) 


surgery might be 
order of importance 
1. Inadequate instrument 

angulation of the blade of the spatula, (b) if 
the edge of the blade of the spatula is thicl 
the corneoscleral trabeculum might not 
detached. 
2. Poor 


operative technique 


nsucce ssful poste rior trabex ulodialvsis pre 
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c 
Fig. 7 (Dellaporta). Unsuccessful trabeculodialysis as in Figure 6 
~ ~ 
>» “Sa 
J > “to 
w, 
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rect position of the blade of the spatula dur not be evaluated because of poor histologic 
ing sweeping movemen (b) insufficient technique). Therefore, in 23 out of a total 
pulling of the hand] he spatula during of 30 eyes, the corneoscleral trabeculum was 
the sweeping moveme found detached in all four quadrants; in 


Anatomic ¢: 1) Prominent scle seven eyes the corneoscleral trabeculum had 


ral spur; this wouk iously interfere been separated in only three quadrants. This 


more in posterior trabeculodialysis than in’ means that the second operation in any of 


anterior trabeculodialysi (b) deepset these seven eyes was successful. Theoret 
Schlemm’s canal in tl eral tissue. This cally, one might then conclude that trabecu 


would interfere equally in anterior trabecu- _lodialysis performed in one half of the cir 


lodialysis or posterior trabeculodialysis cumference of the angle will open Schlemm’s 
My personal impression is that for a suc 


lial 


canal in any given eye 
} 


cessful trabeculod most important 
VARIANTS FROM THE TYPICAI 
single fact ngulation of the 


the causes of In several specimens after anterior trabec 
t seems that they ulodialysis operation the detached corneo 
illy not twice scleral trabeculum was found folded back 
es were ob into the subchoroidal cleft (fig. 9). This is 


any given easily explained by the sweeping of the blade 


nts showing a de of the spatula from the anterior chambet 
um ‘he 121 into the subchoroidal sp: It is reasonable 
21 quadrants to assume that i li ye the 


cornet? 
rants could 


n the same eve. A ee 
cases Tec le | I 
. 
> 
& 
Fie. 9 ‘ port D scleral trabe 1 olded k int 1 pace ¢ sed 
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ticity would return to its normal position. In lum found after trabeculodialysis some 
occasional slides the corneoscleral trabecu (anterior trabeculodialysis or posterio 

lum had detached from its base at the scleral beculodialysis) showed the anatomix 

spur, and was disconnected from the ciliary of a trabeculectomy with the anterior 
body but still clinging to its anterior attach posterior ends of the trabeculae adherent to 
ment at the end of Descemet’s membranewith their original positions whereas the main 
Schlemm’s canal open (fig. 10) part of the corneoscleral trabeculum was 


In contradistinction to the typical com tached (fig. 11). In other cases the anat 


plete separation of the corneoscleral trabecu picture of trabeculotomy was seen w 


( Dellaporta ) 
his condition is o 
ifter anterior 
rabeculodialysis. 
in the trabeculae is qui 
1s unlikely to close and 
functional result of trabecule 
would be identical to trabe 
is. In both cases the aqut 
have free access to th 
aspect of Schlemm’s canal ar 
collector channels 
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“ “= Fig. 10 (Dellaporta). Corneo 
scleral trabeculum det ed fror 
ye its bed and from the iry bod 
a but still clinging on to Descemet 
membrane The shallow S hlem: 
an inal is open, its et é 
veculodialysis 
= 
WS 
le ~ of < 
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2 Dellape rt 


occasionally 


i) 
found 
or anterior trabecul 
i obable that su 
eappositi 


d therefor 


a narrow slit 


ind 14) Phe 


anatomic 


along the tr lae (figs then into a trabeculodialysis cou 
se findings can explained by lowed histologically (figs. 13 and 14) 
variations of the form and position obvious that if the trabecular sli 
s canal and the vering trabe« 

explanation 
fact that 


Id 
of Schlemm’ 


ulae 


seri 


functional result would be the sar 
1 rted by the 
in the | 


typical trabeculodialysis whereas 1 

the narrow slit Schlemm’s canal 
vecimens the transitior a still closed abl close 
m’s canal into a I 


igain by reapposition of 


ibeculotomy beculae 


14 (Dell 


e tr 


aport photographs show 
insition of a still closed Schlemm’ l 
licat hat occasionally, due to anatomical variations the corne 
in the whole area of the operati 


303 
sa é é Pot, 
1eous humor will not re the 
ter aspect of Schlemm’s 
Pins 
ot 
iS Im a 
prob 
. 
. se, 2 
~ 
BE, 2 
3) int 1 trabeculotor 14) 
ler tr lu not et 
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Fig. 15 (Dellaporta 
is been detacl 
is open, the outer lumen trabeculotomy 


of the outer lumen (e-e) 


In some instances Schlemm’s canal was 


found in the meridional sections to consist 
t of which was 


of two lumens the innern 


closed or very 
At first this 


ope ned but the outermost stil 
rarely showing a trabeculotomy 
gives the impression of an unsuccessful tra 
beculodialysis but the tracing of endothelium 
identical to that lining Schlemm’s canal on 


16A, and 16B) 


of the second lumen proves the above men 


the innermost wall (figs. 15 


tioned anatomical result 


ANATOMIC SIDE-EFFECTS O1 
rRABECULODIALYSIS 
CILIARY BODY 
The 


makes it 


nature of trabeculodialysis 


that 


very 
unavoidable a limited cyclo- 
dialysis is produced at the operation. This 
cyclodialysis is for reasons already men- 
tioned slightly wider in anterior trabeculo 
dialysis than in posterior trabeculodialysis. 


't was not possible to evaluate anatomically 


corneoscleral trabeculum 
Endothelium of Schlemm’s canal is linit 


Posterior trabeculodialysis with the thin angulated spatula 


(c). The inner lumen « 


the width of the cyclodialysis in many cases 
the uvea having slipped from its postopera 
tive position because the specimens were 
treated histologically after the fixed eve had 
been sectioned into four quadrants. It is my 
general impression however that after pos 
terior trabeculodialysis the cyclodialysis was 
considerably less extensive than in anterior 
trabeculodialysis. 

believe that this 


There is no reason to 


limited cyclodialysis wili jeopardize in ar 


way the anatomic or functional results of the 


trabeculodialysis. Theoretically this cyclodi 
alysis might be of benefit because it will en 
able the relaxing ciliary muscle to pull the 
corneoscleral trabeculum 


detached poster 


orly so that no reapposition of the latter 


and 


over its natural bed would be possible 
Schlemm’s canal will remain open. Clinical 
experience indicates that the small subchoroi 
dal cleft will close very soon postoperatively 


after it has served its purpose of preventing 
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nification showing tl gion oO chlemm’'s canal from Figure 16A., 


thelium lining the ope 
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T 
Fig. 16A (Dellapor t 1 trabeculum detached from its bed and from the ciliary body and 
ingu n to Descemet's e. Schlemm’'s canal consists of three imen, the mnermost (betwee 
rrows ) pen, the ! s] ‘ trabeculotomy and the outer being closed. See Figure 16B 
Fig. 16B (Dellaporta). Higher g 
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reclosure of Schlemm’s canal. From the 


view of the extent of the cyclodi 


point f 
alysis produced in each operation posterior 


trabeculodialysis has to be given preference 


over anterior trabeculodialysis. 


DESCEMET’S MEMBRANI 


l'rabeculodialysis is bound to cause some 
the 


this membrane and corre 


damage oO 


sponding corneal endothelium. In order to 


an objective picture extent of 


lage done Descemet’s membrane 


by the different 

detachment of 

h serial section 

imen was tabulated and the re 


width of the detachment of 
In 55 successful 


ope rations, ] a 


mbrane was 


trabeculodialy 


in 59 trabex 


Ssuccesstul posterior 


ulodialysis operations 1.9 1 In 31 success 
ful posterior trabeculodialvsis 


operations 


with a thin angulated spatula, 1.8 mm. In the 


12 successful rabeculodialysis 


operations with the | angulated spat 


1.8 mm.; 


in the I: successful pos 


trabeculodialysis operations with the 


angulated spatula, 
is compilation indi 


interior trabeculodialysis Descemet’s 


damaged than in 


’s membrane 


was almost 


ulated spatula 
thin angulated 


last 12 successi 


ve cases of posterior 
the origi 

2 succes 

thin angul 

tter used with 

ill and caution causes less damage than the 


iriginal angulated spatula and not more than 


that caused in anteri ibeculodialysis 


From clin that 


mem 


1ence we know 


operative det: f Descemet’s 


brane of this ven higher degree which 
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occurs occasionally in the various types of 


ig 


cyclodialysis do not cause permanent « 


to the cornea 
SCLERA 

It seems that in anterior trabeculodialysis 
the active edge of the blade of the spatula 
first 
from its 


separates he corneoscleral trabeculur 


attachment to Descemet’s mem 


brane and then detaches it from the scleral 


spur. It is probable that the blade in 1 
cases instead of gliding over the scleral 
the 


trabeculum 


detachment of the 
the 


after 


engages in 


formed by Schlemm’s canal 


spur, and splits the scleral { 


from the main scle 


terminate there 


This scleral split was found in 


operations of anterior trabeculodi 


is usually a fraction of a mill 
17) 


mostly from the 


(fig but in a few instances 


first operations one 

considerable scleral splitting 

Figure 18 
In the gre 


to assume that the short split will 


at majority Of cases it 1s 


soon without untoward consequences. It 
evident that posterior trabeculodialysis by 
very nature will not have a similar eff 

As far as this side-effect 

trabeculodialysis 

ice over anterior trabeculodia 

In eight cases out of a total of 
trabeculodialysis operations pet 
the thin angulated spatula the 
of the cornea adjoining the anteri 
the corneoscleral trabeculum was not onl 
nuded of Descemet’s membrane and 
thelium but also scratched as if treated 
a knife difficult to 


whether this limited injury will heal qui 


(fig. 5). It is pt 


without consequence or will cause a pern 


nent or long-lasting edema of the cor 


stroma with the known undesirabk 
Since these changes were not found 


effects 
in anterior or in posterior trabeculodialysis 
operations performed with the original an 


gulated spatula they have to be attributed 


| | 
1 1 
by these twe eral 
spatulas used small furrow 
sults computed a ral body 
ss ai 
s¢ 
+} ] 
7 ites ed 
post or trabeculodialvsis nr 
2. The damage to Descemet 777777 th 
oO ne 
ith 


EVALUATION OF TRABECULODIALYSIS 


trabeculodialysis. Open Schlemm’s canal : ior to it the 
Small split (arré of the scleral fibers at tl I spur. The 


re of endotheliun 


ut longer split of scleral fibers at the scleral spur as in Figure 17 


posterior half of Schlemm’s canal is visible. Detached corn:o 


rt 


dy 
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Fig. 17 (Dellaporta). Anterios 
displaced corneoscleral trabeculu 
outer aspect Of Schiemm s Cat > ba 
—_ 
“a 
ar? » 
ant 
hm 
Fig. 18 (Dellaporta). Similar be 
after anterior trabeculodialysis. O1 
scleral trabeculut hanging the 


ANGELOS DELLAPORTA 


TABLE 2 
DAMAGE TO ENDOTHELIUM OF SCHLEMM’S CANAI 


55 operations 
il 
59 oper itions 
tal 
means less than one half of the endothelium of Schlemn's canal intact 
means one half of the endothelium intact 


means more than one half of the endothelium intact 


t) means endothelium intact 
between the operations of PTD performed with the original angulated spatula 


\ similar comparative study bet 
ind those performed with the thin angulated spatula, showed no difference in the damage done to the endo 


thelium of Schlemn’s canal. 


the thinner edge of the thin angulated spat stressed by the fact that after 
of the corneoscleral trabeculum fro 


Schlemm’s canal opens and the aqueou 


ELI mor 18 in continuous contact with tl 


iH 


endothelium dothelium which lines the outer aspect of 


changes occurring in the 


which lines Schlet nd the collector Schlemm’s canal and the collector channels 
channels are possibly of importance. There The clinical value of trabeculodialvsis in 


fore an objective picture of the damage done creasing the facility of outflow will 


to this ti types of trabex termined finally by the behavi 


different spat structure under the continuous 


ulas was attem Zacl rial section of the aqueous humor. The aqueous hun 


each specimen was tabulated and the com the normal medium of the trabeculae 
puted results are shown in the following Schlemm’s canal so that theoreticall 
would not expect reactive changes in 


tact endothelium by which the collector 
tions of anterior nels might close. On the other 
onsiderable dam endothelium is stripped away 
he endotheliur 1f Schlemm’s canal operation, reactive changes fr 
only six out of 59 operations of nuded scleral tissue or damaged 
ilysis showed an equal are possible and might close the 
the collector channels. It is quit 
ulodialysis opera however, that this endotheliu ight 
lium in good similar regenerative capabilities as th 
condition, whereas ot f 59 posterior tra neal endothelium, in which case it will 
beculodialysis operations 30 showed the en heal over the abraded areas 
thelium in good «¢ 1 and 15 in excel As far as the operative dan 


lent condition endothelium of Schlemm’s 


The conclusion tl ‘fore that damagt cerned posterior trabeculodialysis 


n’s canal oc preferred over anterior trabeculod 


to the endothelium 
curs more of nd more extensive in 

. 1 (ONCLUSIONS 
anterior trabeculodialysis than in posterior N 


trabeculodialysis. From this comparative study 


The importance he endothelium is ing may be concluded: 
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UATION OF &TRABECULODIALYSIS 
1. Anterior trabeculodialys success inner surface of the cornea which might 
95 percent of the cases 


tions. The advan 


a> 
cause corneal edema 

3. Posterior trabeculodialysis performed 
with the original angulated spatula* im 32 
87.5 percent of the 


ful in this series 1n 
of a total of 38 opera 
the high rate of! 

cases Was successful in 
In spite of the slightly lower rate 


opinion, 


nent of Des 
intage is the operations 
o the endothelium of successes this methods is, in my 
d in many cases the most satisfactory. The advantages are 
wlialysis performed the minor and infrequent damage to the en 
‘tula was in this dothelium of Schlemm’s canal, the absence 
the innet surface of the cornea 


to 


of damagt 
ons. Advantages ind the narrow coincident il cvclodialysis 
100) P t Street 


cent of the cases 


successes 


tn endothelhu 


CRYSTALLIN 


pok WAN 


4 
coincidental dan ige done 
of Schlemm’s canal four 
> Posterior trabecul 
with the thin angulated 
series successful in 
out of a total of 31 operat 
of this procedure are tl : _ 
thi inor and ent damage 
the minor coincides | ysis. A dis Suet. 
vivantagte s the 1S101 ige Francis 
Ry RENCI 
t \ 1 scliet 
"7 7 1 teal ] 48 ] 
‘ 47 Q3 59 
DISCUSSION 
wt t the pre | 
t wit r pre re ne eT 
percent re tance 
~ 
tor te 
OBSERVA ONS ON HE LENS PROTEINS A PHA 
\ND BETA 
Rost K, PH.D. 1 MI.D., AND 
\iary ANN GAVIN M.S 
electron 1 CTOSCOTM opset ition oft isolated 
pha and. bet crvstallins 1} tion 
— 
estigated DY eans I ous chemica 
ga 
techniques In electror rographs ot * From the Opht 
lens fibers. they ha rrelated with ite \ ¢ | 
I; tite f Healt He Se! 
liscrete structures se I ytoplasn Det rt nt 
The purpose of the nt studv was the Me - 
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THEODOR 


ROBI 


the different solvents employes an be ex 


apparent variations of this proteim in 


plained by its alteration at low ion 


It has been established that changes 


strength. 


occur in alpha crystallin at low ionic strength 


over a wide pH range. Such a change is 


depicted in Figure 4 were the ultracentrifuge 


sodiun pH 7.3 


pattern in 0.1 M 


and that in water are compared 


Since these 


ilterations may be reversed by 


the salt concentration trace 


increasing 


amounts of salts might conceivably influence 


the appearance of this molecule 


\ group of about six constitutes 


prot ms 
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available 


fraction 


data 


the beta crystallin 


(hg 
physical-chemical presently 


are insufficient for a valid correlation 
Chere tore, 


hat 


with a di 


the electron microscopic results 


the only conclusion ble is, first, 


poss! 
beta crystallin appears spherical 
ameter 10 A less than alpha crystallin. Sec 
ondly, this configuration persists regardless 
of the solvent. It occurs whether the 


or the slowest 


moving components alone 


used or whether the entire fraction 1s 


ployed 


O phthaln 


REFERENCES 


whether hopathology 


study was de determine 


tated with 
uveitis in adult patients issociation 


elaucoma, 


ilready been demon g 


ted 


een Ssuspecte 


PROCEDI 
This 


ulult patients 


study onsecutive 


unselected 


types | ich patient 1¢ wed by a 


il 


i of Medi 


lation and by 


iseworker of the 
Phe 


torm the basis 


medical ( 
Ophthalmology results 
views will 
port.) At a subsequent visit 


Minnesota Multiphasi 


Inventory was 


of the 


va social worker workin 


vision of a staft psychologist 
The Minnesota Multiphasic P 


Inventory is a well standardized psycholo; 


test consisting of 550 statements concerni 


habits, attitudes, emotions, thoughts 


and general health, to which the patient 


sponds by indicating whether e: 


ment for him is true or false Responses 
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PSYCHOPATHOLOGY IN ADULTS WITH UVEITIS 
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Psychiatry, Indiana University Schoo fears 
ne. Tite study was supported in part by a grant uur 
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Grant B 1231 C from the National Institutes cf ach state 


HOPATHOLOGY IN 


PSY( 


indicative of psychopathology are grouped 


into eight scales, each representing symptoms 


commonly found in pe with certain 


rsons 


basic psychiatric illness. These illnesses are 


depression, and hysteria 


(the 


hy pt hondr 


neurotic triad); psychasthenia, schiz 
ophrenia, and paranoia (the psychotic triad) ; 
and hypomania and psychopathic personality 


Norms for persons without emotional illness 


the 


psychopathology from tl ales is 


are well established diagnosis of 


based 


ind 


on these norms 


Eleven of the 59 patients were not used 


had 
failed to co 


he following reason ive vision 


I 


studied 


rat adequately, ind « was not 
error 


port 


a from the 


ipnormal score 


sota Multiphasi 


‘ersonality Inventory 


rd deviations or 


two star 


which 1s 


ibove the aver ive alt uned by 


norm 


iduals.* Such score will 


in 2.5 unselecte 

1S. we 
score patho 
ly scale 


individuals te 


ilculations, our re 

he chance 
expectation 48 individuals 
obtained a patholog one 
of the scales (corrected chi-square of 15.47 
0.0001 


Che 


Inventory also contains two sca 


Minnesota Multiphasic Personality 


les | K and L 


the function of which is to single out in 


dividuals who are bein; ive or defensive 
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in responding to the test. It is of interest that 
of the 27 patients who did not show any 


the Multiphasic 
Personality Inventory 20 had elevated K or L 


pathology on Minnesota 
scales, or both. ¢ nly four of the 21 patients 
with pathologic Minnesota Multiphasic Pet 
sonality Inventory scales also showed these 
A total of 15 pa 


Minnesota 


evidences of evasiveness 


tients without psychopathologic 
Multiphasic Personality Inventory scales had 
1.0 SD or more 


K scale scores of above the 


normative mean for this scale, as compared 
with an expected frequency of 7.68 (16 per 
sample of 48. A 
0.001) 


cent) for the entire col 


rected chi square 1s 11.72 ( p 


There thus seems little doubt that most 


of the 27 patients in our sample avoided 


obtaining pathologic Minnesota Multiphasic 


Personality Inventory scale scores by d 


fensiveness or evasiveness. In addition, we 


should mention the five patients who failed 


to complete the tests, failure to co 


since 


operate is often another means of evasion 


These findings sugg 


est that the cde of 
chopathology in our uveitis cases is probably 
and our 


than we have measured it 


0.0001 


great 
hp value was 


Nine 


on the Hysteria and 11 on the Depression 


SCOTe 


patients obtained a pathologic 


Scales, while six had pathologic scores on 


When compared 
smallest of 


the Hypochondriasis Scale 


to the expected frequency, th 


these three ( Hypochondriasis chi 


(p <0.0001 In regard to 


ga 


gave a 


square of 15.85 


each of the other scales we found no more 


than two patients with pathologi 


SCOTeCS, a 


which could have been due to 


>0.05). 


frequency 
chance | 


Chirteen of the 26 females (50% ) in the 


study obtained a pathologic 


MMPI scak 


males (36 percent ) 


as compared to eight of the 22 
he 
the frequencies of pathology for the 
0.44; (p 


and indicates 


difference between 
sexes 


yields a chi-square of 0.50) 


which is not significant that 


sex is not correlated with psychopathology 


in uveitis patients. 


\n analysis was made of the relationship 


ope 
‘ 
‘ Pahl > +] 
grading of the se rity f inves ement 
\) coe on any scale of th 
iii. 
Dit 
nd 1.2 1 ht o 96 
ind 1.2 es elg 
score high on any o1 t the eight scales ee 
tar ‘ ( } ] 
ire not correlated wl not true, so 9. ee 
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rABLE 1 


DESCRIPTION OF THE SAMPLE OI 


Patient 
Number 


Race & Sex Site 


Both 
Both 
Both 


60 
61* 


t hae 
} most 


There wer inally § itis ts+2 « 


it log 


anterior, 


between sil the nz vement 
posterior, both) and psychopathology scores 


['richotomous analysis gave a chi-square of 
> 
unterior segment in chorioretinitis is usually 


the 


0.30). Since involvement of the 


due to a spill-over from’ or a reaction to’ 


posterior inflammation, we then grouped 


patients with involvement of both segments 


48 ADULT 


UVEITIS PATIENTS USED IN THIS STUDY 


Grade of 


Severity Possible Eti 


Dype 


(sran Toxoplasmosis 


Gran Toxoplasmosis 
(sran 


Nongrat 


(sran 


Arthritis 


Rheu 


Toxoplasmosis 


Toxoplasmosis 


(oral 

(sral 

(sran 
ran 
ran 


Tal 


Tal 


( 
( 
( 
( 
( 
( 


Tal 
Ta 
Tal 
(;ran 
Nongr il 
Nongrat 
(sran 
Nongr: 
(sran 
(sral 
(sran 
Nongrat 
Nongr in 
(sral 
Gran 
Nongrt 
Gran 
(sran 
Nongrat 
(ral 
(sran 
Nongrt 
(ran 
(sral 
(sral 
(srat 
(sran 
(sral 
Nonegr 
Nongr il 
Gra 
(sra! 
(ran 
(sra 


MMPI scak 


ontrols = 61 


with those with involvement of the posterior 


segment alone and constrasted them with the 


patients with anterior involvement alon 


This dichotomous analysis a chi-squart 


of 0.10 or a 


yave 


liaele 


» of 0.75. We may thus conclud 


that site of involvement is not correlated 


with psychopathology in uveitis patients 


The relationship between the typ: 
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WM 
Ct 
Wi (nt 3 
5 WM Both 
7 WM Both 3 Po 
8° WM Post 
10* WI Post 4 
11* WM \nt 
12° WI Post 
13 WI Both 3 
14 WI (nt 
15° WI Both 3 loxoplasmos 
16 CM Ant luberculosis 
17 WM (nt 
18 WI Post Histoplas 
0) WE Post luberculos 
WI Ant I 
3 WM Post 
Post 4 
6" WM Ant 3 luberculos 
8 WM Post 3 
9 WM Both l 
WM Post ) luberculos 
WM Ant 3 
32" WI Ant 3 
$3 WI \nt luberculos 
44 WI Both 3 
35" CI Ant ) 
36* WI \nt Heterochromic cylit 
is WI Post 
38 WI Post Histoplasmo 
10) WM Post luberculosi 
41° WI \nt 
42" WI Both loxoplasm« 
15 WI Both 
17 WM Ant 2 Heterochromi t 
18 Wi Post 0 
19 WM Both ) 
50" WM Post 3 
51 WI Both 
52° WM Post 
53 WI (nt 
54 WM \nt I 
57 WM Both 
WI Both 
WI Both 4 
vere 
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rABLI ity Inventory scales. The difference is sugges 


(RITERIA FOR 


tive, but not significant (corrected chi-square 
SEVERITY 


M MENT 
mild 


lhe data clearly show a significant 
mod dence of psychopathology in our adult pa 
tients with uveitis 


While a c ‘lation does not indicate 
precipita 
causation, the data sug that psychopath 


ology could be i id ) l | | ing t devel 


opment of uveitis 
The absence of rel up between psy 
ithology and veri yf involve 


psvchogen 


iogenesis of uveitis. It 


the patl 


caused the psychopath ogy we would 


xpect hopathology 


quently in those patients 


in certain types 
hypothesis thi 


currently to result 


which the et ogy was 


pathologt Minnesota Multipl 
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= f 
{nterior Grads 
degre 
Flare, cells, and keratic pret tates of 
erate degree 
\ 
cera 
Keratn 
Vision worse than 20/200 flare, cells, and ——“C;isSCSsCSCiés 
keratic precipitates of seve egret j 
Moderate-sized chorioret me vit 
Vis { 20/200 or w st t derate-sized 
isk worse tl 0/200 ercepti uveitis but this was not true 
Sever cloud dia. I with s 
evere he ich ot orre tio? ot the Se eritv ot > 
sycho] ithology with sex, type of inflamma 
tion (granulomatous or nongranulomatous 
filammatior granu tous or nongranulk site of involvement nterior, posterior o1 
I itous I psychoy I ealed a ch both severity of nvoivement, or etiologii 
square value of 0.00 f () 99 whiel 
indicates that the type I I it1on 1s not may be inv ed in any case of uveitis and 
— « | +} 
Che correlation et rift It is ot it two fac 
letermined by d ng the patients into (ouch bacteria 
those cases will t least O1 pathologically or allerget ind (2) some type of externa 
nig MMPI seak ! st ses with ne stress o1 nternal psychopathology it is to be 
m4 records computing biserial cor isized. however. that tl a tentat ‘ 
ition coethoent wit t tings of eT hypothes whi } ist he tected hy further 
tv of eve n olvet nt ranging trom VU ltl } study 
[he mean severity rating tor the norma Another possible explanation of the data 
group 1s 2.1 wihiite e patients \ ti } hye h psvchoy ithology 

psychopath s 2.48 nis i\ ha ommon organic origin ind this 
eMmicient was 0.21 \ es not diftet possibility ~ upported by the re ent expe! 
significantly from 0 and tl the severity of mental studies on the simultaneous produ 
eye nvoivement Ss not rre ted with psy tion of encepnhalomye tis al d uy tis DY the 
chopathology samme illergen 

( 
which the was lag 
nosed and 14 (48 percent f the 29 cases in In a study of 48 adults, uveitis and psy 
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understood, and, therefore, it should not be between uveitis and psychologic factors n ay 
interpreted necessarily that psychopathology _ prove fruitful 


is involved in the pathogenesis of uveitis, 1100 West Michigan Street (: 


since it is not known which is cause and which 


is effect or whether the relationship is due to We wish to thank Mrs. Evelyn Dunbar 
medical caseworker of the Department of 


some common cause These results do sug 


mology, tor the administration 


gest that further study of the relationship  Multiphasic Personality Inventor 
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DISTRIBUTION OF RADIAL CONTRA‘ 
IN THE IRIS OF CATS* 


T. Apter, M.D 


Chicago, Illinots 


Among the contractile forces in the iris in the radial direction have been 
of mammals there is one capable of narrow in both the sphincter pupillae and 
ing the distance between the pupil margin muscles connecting the iris to th 
and the attachment of the root of the iris to In view of the ambiguous histologic evi 
the sclera. This force has been repeatedly the crucial test for locatin; 


demonstrated by stimulation of isolated iris the iris is the physiologic 


sectors both siti? 822.12 25, 27, 32, 37, 42 ment of active tension in respons 


md in vitro,*>* 16% priate stimulation. It is the pur] 


} 


. However, the ise location in present study to explore the distributi 


the iris of the structure giving rise to this radially-directed contractile forces in th 


ig 
force has never been est iblished It has of cats, using this physiologic test 
simply been assumed that the force arose in The eyes of cats were ret 

the so-called “dilator pupillae,” although this nembutal anesthesia and the 
structure is not typically n le in appear immediately cut away one and one-half 
ance.” On the meters behind the limbus (fig. 1). Foll 
other hand typical muscular fibers extending this procedure, the pupil assumes tl 


of a 1.0 by 5.0-mm. oval. Slits one to 1.5 
* From the Departments of PI and Opl long were cut through the thickness of 
thalmolog ortl stert University dical , 
a gy, Northweste Medi iris in the radial direction in thre 
School. This study was supported in ; 
1177. U. S. Public Healt! tie areas: the sphincter area, root area and inte 


by the Illinois Department « *ubl ‘Itare mediate between them. The iris s¢ gment ex 


M.A 
with primar gl n pht 30 
Baltimore, Williams & Wilkins, 1957, p. 24 
ic readings on the MMPI in ps 
ventor Revise S. R. Hat ‘ Ph. 
Wilkins, 1956 
8. Bullington, S. | nd Waksman, B. H.: Uveitis in rabbits with experiment re ence] ‘ 
itis: Results pr ed | njectior nervous tissue and adjuvant Ar Opht 59 :435-445 (M 
cribed 
Was 
owing 
shape 


ONTRACTILE FORCES IN THE IRIS $17 


force of 20 to 25 mg. was registered by the 
strain gauge. Stimulation consisted in adding 
mecholyl or adrenalin to the surrounding 
medium or in applying electrical stimulation 
via the two supporting hooks connected to a 
Grass stimulator. Each drug was applied in 
graded doses and the steady State tension 
induced by each dose was recorded to ob 
tain a dose response curve For electrical 
stimulation the Grass stimulator supplied 
a O60-cycle alternating current of graded 
voltage *.7,45 Here too, the steady state 
ontractile force was measured and plotted 
iwainst the stimulating voltage. The most 
important item in this apparatus ts the seg 
ment of iris tissue. Its components must be 
known 

The anatomic constituents of each seg 
ent were regulated by careful selection of 
the areas for placing slits and by subsequent 
licroscope examination of the excised ses 
ents agramm ross-section of 


tending the iris (fig. 3) shows that the sphincter 
1 
, , from the portion of the iris nearest to the 
tne excised 


pupillae was present in the specimens taken 


cised (fig he s 1 line is the shit an 


pupil. There at umerous circumferential 
were Sus 
fibers in this muscle and also some radial 


fibers in its spoke bundles. In the middle 


region there is only the dilator pupillae with 
} 


| 1 muscle fibers running idially. His 


alle ger 
gluc ose 
where the 
ens Were 
anipul ited 
other hool 
end 
the uppe! 
isplacement 


displaced i 


\fter 
hooks, it Was stre tched 


the idjustable support 


/ AW 
} 
lewe 
\ 
. 
4 
Fig. | Apter Cat ! nd corne 
veT ne tive Sits (Ss 
I were n three 
t 1 tie ter ris t the 
| re le ker 
ati ontaining an al i (ng. 
\ tris (hydroxymethy ethane buf 
fered erated 1 Woy 
oI uning Z mg 
monly at ab 
MULATOR 
st act ‘ a ay 
4 
iterally to induce stret ‘ 
ehel r 
Was attacne ti tine ver tre = 
k 
stra ht ribbo1 ot ring ace A 
nal ; } } 
g i 4 // 
brated with weights er the range of 10 t pH 74 
100 g the range ppropriat ty active 
forces ce eloped by iris segments = 
refully by means of 
Fig. 2 Apter lris segment is suspended on two 
a small resting hooks placed throuwh the silt. See text 
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: Fig. 3 Apter). Schemat li 
\ 
\ gran ol a cross-sectior t the 
iteral cat iris showing the 
nant of Ghere in 
‘ it t S} 
MUSCE CLERA 1] 
— pupliiae 
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~ 
\ 
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tologists maintain that the itor pupillae entially as well as radially. By placing radia 
has characteristics only in _ this shits in pupillary, root and intermediat 
intern region of the iris although its portions of the iris, the contraction of radia 
two lavers appear to be continuous with sim fibers of sphincter, ciliary and dilator mus 
i! ivers under the sphincter and tn the « li cles were tested separately What Ss more 
irvy body. In the root region the hb the contractile power of the several muscles 
of the tharvy musclk re arrany ii. ould be quantitatively con pared since the 

* Figs. 4A, 4B, and 4C (Apter). Re 
etween the strengt t sti 1S ! tiie 

, 4 See Figure 5 for mber specime! 
tested in « region.) Range responses 
s shown except in the elect! | stu tor 
irves i! yure It t t ‘ 
root responses overlaps the rang 
Breese of sphincter responses The 1 ge tor 
two areas 18 of the same order 
me.) tor electri il stimulation as [or 

lrug sti ulatior In the 1 iddle region no re 

sponses t stimulation were measured 
of 33 specimens 
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RADIAL FORCES IN CAT IRIS. 
\ 


SPHINCTER 
uPpre 


DILATOR PUPILLAE | 


f the irs t I al torees 
ce veloped only l { as where there are 
dentifiable radial muscle fibers. The radial 
spoke bundl sphincet ind the radial 
hibers in the Hat I ire probably the 

tile forces in the pupil 


other hand, con 


dropped ; in 
ind the n 
Mecholyl (fy 


fig. 4C) gave Che procedure we h used are capabl 


es with the plateau of measuring the amplitude of contractile 


forces in the iris These methods have 
demonstrated radial contractile forces in the 
pupillary third of iris and therefor 
mpli ite the radial spoke bundle of th 
keep in m sphincter pupillae imilarly, in the root the 
rection alone identified lial contractility probably 
denotes con due to actio the radial ciliary muscl 
In the intermediate region, however, where 


only the uupillae was present, ther 


was no evid f contractility at all. There 
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Chorioretinitis most constant find 


ing in congenital lasmosis. Further, in 
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retinitis due to toxoplasmosis, the eye inflam 


majority of cases of congenital chorio 


mation is unaccompanied by other signs of 


the primary disease. That is, it seems likel\ 


that the commonest form of congenital toxo 


plasmosis is that in which only the eyes are 


seriously involved. If this is true, then con 


genital toxoplasmosis is much more common 


than previously thought and many cases of 
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( Thus far, 948 conjunctival scrap 


have been tested by inoculation of cul 
lation of bacteria ind by 

noculation of human epithelial cells for iso 
yf viruses remainder are being 
screened as rapidly as | , facilities 
permit. In a few instances, serum specimens 
have been obtained but this procedure is dif 


heult in Saudi Arabia except on hospitalized 


patients. Studies have concentrated on the 
natural history of diseases of the « in the 
ibsence of spe ific ther ips 

the conjunctival scrapings of Saudi 


patients having clinical findings con 
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compounds and luration I cortisone could be detectec in either the control or the 
itment are listed below in the results of treated animal 

IV. The corneas of a mature rabbit wer: 
abraded slightly with a 26-gauge needle and 
the spore suspension rubbed into the trau 
natized eyes; the right eye remained un 
treated with topical cortisone, There was no 
evidence of infection at the end of. this 

riod in the treated or the control eye 
\n animal was inoculated with spores 
near the superior border of the 
nbus and observed for 14 days No corti 
me was applied, an ) infection resulted 

In each of the above experiments no fun 

il ulcer could be established with 

use of ednisolon Phese 

inary studies to corroborate 

vs” unsuccessful my t establishing 
Cephalosporium keratitis in mature rabbits 
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the right eyes of two animals while a heat 
killed aliquot of the same preparation was 
introduced into the left eyes. Maximal opa 
city involving nearly the entire cornea and 
ulceration of the right eye of one animal was 
observed in 48 hours. Questionable ulcera 
tion was present in the right eye of the other 
inimal. The left eyes merely showed some 
degree of corneal opacity and no ulceration 
at the end of one week 
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ophthalmic 
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spore suspension showed 
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TABLE 1 


SUMMARY OF RESULTS FROM THE GROUP B EXPERIMENTS 
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Hvdrocortiso 
\cetate 


Hydrocortiso 
\cetate 


Hydrocortiso 


\cetate 


H vdrocortis« 
\cetate 


The uniformly high incidence leers 1n 
uspension vere mad 1 tl treated rat eves as demonstrated in_ this 
| group of experiments offers some support t 
the idea that it may be poss! ( establish 

iny types of fungal ulcers in the rat 


inimal may therefore serve as the “univer 
sal”” experimental host in studies concerning 
experimental fungal ulcers. It is interesting 
ving to note that Ley has been successful in es 
Within 24 to ours opacification and — tablishing fungal corneal ul 


extensive ulceration d loped in the right with Aspergillus terreus, A fumigatus, 


eves he < d ils which had been lesche bovdii ind Candida albicans 


inoculated ith tl hi \sperg vans of subconjunctival cortisone injec 
The right \ lusarium tions. In our studies no attempt was 
treated imal loped y a slhig establish these infect in rabbits 
; both Inquiry into the mechanism of the ob 
seven served corneal destruction in Cephalospor 


leveloy n control ium keratitis was made. Since an enzyn 


ypathologi caminat f the protein has been shown to b 
fumigatus 1 r Was positive tor in corneal destruction 


ulcers it was postulated 
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BEEN be the active agent in EE stthat a humoral agent exists in the serum of 
this animal species which cont1 butes to the 
extreme degree of resistance to Cephal 
sporium infections. If such a tactor ts pres 
ent it is apparently not altered by the ad 
ministration of cortisones. On the othe 
hand, the resistance may not lie in serum but 
im the cornea fissure itself Hy vevet the 
evidence ( tained trot the pre ma4ry 
fractionation studies of mycelial extracts in 
lamage was observed other than some opaci cates that rabbit cor s capabl oa 
elial extract was prepared struction by some tvpe of enzymatic proten 
veelin with powdered glass elaborate vy the fungus. The pr 
material with saline. The parently resides in the init pore get 
extract was inoculated ti ind proliferative phase and r 
the eyes of rabbits. Opa be investigated 
e liquefaction and ulcet experiments for group B where 
vithin four hours. Fra rats served as the experimental ! 
pummeemeef this crude extract by precipita proved ti ve the ost re rding 
tion with various concentrations of ammon Ulcer Wd not be established f 
um sulfate solution vielded a fraction which ornea pore imoculation tot . 
possessed ulcerative ict ty hese preli untreat ompt! nit 
narv enzvymat studies ite there sa control g However. eves undet eu 
protein factor which its responsible for the fluence f rtisone ! $s svst 
sporiu keratitis. Attempts are iwetate ipplied = top lly noculat 
to determine the manner by which this tac wit! ible spores, show I xtreme 
tor is able to destroy normal corneal tissu high percentage of ulceration. A total ot 22 
Preliminary experiments — te that this eves were subjected t roetienme treatment 
GE tor is not the same as the cornea out of which 20 developed ulcerations ¢ 
MN factor of Pseud is ing an approximate 9l-percent ulcer u 
Eiinber of ar ils in each of sisted of heat ed spore n the t t 
the pcr tted! Vas ill the su ey uicet | re I 
results obtained tor these experimental thoug the ry Ip vas vhet 
groups were consistent at therefore cor one considers the total group ot control ¢ 
sidered relabl fro experiments I, Ill and V which u 
he failure estab Cepl uoOsporiut cludes ves intreated na ulat Vill 
corm il ulcers ranpits \ t] or W thout the ible ind. those tre | vitl ort 
use of prednisolone applied topically or ad sone and inoculated with heated spores, the 
ministered svstemicallyv over a pet od of two number ot trols< ppeat reliabl 
(TE. is significant in that it con Thus, in a total of 10 control eyes no tung 
ssful attempts of such in ulcers developed. A sur f these re 
gums as Ley and Bedel in this en sults is given in Table 2. The few scraping 
leavor. The latter investigator did not us« cultures which were taken were shown to be 
Eee positive ind these findings wer rrelated 
MMMM earlier there is the possibility vith the presence of fungal proliteration as 
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